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Part IT: THE SONIC RBOO-

Chepter I: CAUSES AND CHARACTERISTICS

Certainly one of thc mosi controvercial aspects of the use of

herent part of supecrscanic flight. Before one can formulate &

a‘lperscnic transports in cormarcial aviation is the sonic boon, an

reasonable systenm of legeal rules which should be gpplied to sonic
boom damage, one must firstl achieve a basic uwnderstanding cf wnet a

sonic hocu is, howr it is produced, and how it can affcct perscns and

property.

A. Souic Boom Production by Sunersonic Rirplancs

The properties of ordinary sound arc an eppropriate starting
point. A drop of water striking a pool of water creates a srrall wave
that expands in a circle around the place where the drop hit the water.
In a similar manner, a sharp dislurbanca in the air crcates a Qave of
agitation called a sowrce or sound wave which cxpands ouvtward from the

q 1 q
place of disturbance. When such a wave reaches our ears, wc perceive
scund. Ordinarily the wave-genereting obhject will cauvee a nuwber of
air disturbances in a shorl pericd of tine. For eXample, a piano string,
when struck sharply, will vibrate back and forth, perhaps 400 timcs a
sccend; and those rmovanments will prodvce an egual nunher of consecutive
sound waves, jusl as drops oi water from a Iaucof into & sink% create an

coual nurbexr of xings of waves (sce Figures 1 and 2). The nuihor of these

sound waves produced in & given tinme deternines the freouoncy of sound,
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FIGURE 1,
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Cross section of water in a sink showing waves produced
by drops striking the surface.
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FIGURE 2.

Cross section of air showing sound waves produced from
disturbances caused by & stationary source, _-- here a bell,
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which our ears interpret as the pitch of the sound. The higher the

frequency of the waves, the higher the pitch perceived by the ear.
when the source of the sound waves is stationary and the air
through which thoy pass is wniform, thg distance between consecutively
produced waves depends entirely upon how rapidly the sound waves are
produced. However, when the source is moving, as in the case of a
subsonic jet airplane, the sound waves which have moved out ahead of
the plane'in the direction of flight are closer together than those
that have moved opposite the direction of flight, as illustrated in
Figure 3. When the source of sound waves moves faster than the speed
of sound, as in the case of the supersonic transport, the sound waves
expand essentially on ton of one another, as shown in Figure 4.

This bunching togcther of sound waves forms a highly energetic
front of air agitation known as a ‘shock wave, which travels through
the air like a sound wave2 and vhich is closely analogous to the
large bow wave produced by a boat moving rapidly through the water.

This is a continuous process of disturbance that occurs throughout the

period of supersonic flight, not just at the point of time when the plane

"breaks the scund barrier." The shock wave can be thought of as a
moving wall éf compressed air. Any object the wall encounters will
experience a sharp rise in air pressure =-- an increase relative to the
pressure of the air in front of the wave to which the object was pre-
viously exposed. A typical example of such a pressure rise is shown

in Pigure 5. The difference between the highest pressure experienced
and the preccding pressure is called the "over-pressure,” a term often
used as a measure of the strength of the shock wave, just as the height

of a water wave is used to describe its magnitude,
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FIGURE 5. Graph showing the pressure rise accompanying a
shock wave, (Often called the "signature" of the shock wave).
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FIGURE 6, Typical supersonic transport showing production of
shock waves at dirferent parts of the plane's surface,
Pressure signaturc near the plane is shown by greph
at bottom.
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As it passcs through the air, a shock wave gradually loses its

encrgy because of air friction; and, if it travels far enough through
the air, the overpressure daxclincs until the shock wave dissipates.
Put since the shock wave froa a supersonia transport is initially
quite strong, end since air friction is rclatively slight, such a
shock wavc way travel well over 50 miles in the air before dissipation.

Therefore, the shock wave from a supcrsonic transporst is likely to strike
persons or objects on the ground, creating the sensation of a loud bang.
This scnsation has given rise to the common term "sconic-boom" to dzsig-
nate thc shotk wave generated by supersonic flighi--a very proper desig-
nation, since the boon we associate with an explosic . is also our percep-
tion of a shock wave whith the explosion produces.

The initial strength of a shock wave produced by a supersonic trans-
port depends not cnly upon the s%ze, shape, and weight of the airplane,5
but also upon the spccd and altitude of flighi. Generally speaking,
the biggex, heavier, and fastexr the airplane, the stronger the initial
shock wave.6 On the othcr hand, the initial} shock wave is less strong
if generated at high than low altitudcs, because at higher altitudes the
air is "thinnexr" and there are fcwer air molecules for the plane to
push ahcad of itsclf.7

Applying these generalizations to the proposed Amcrican supersonic
transport, we can see immediatcly that the initial shock wave will have
considerable cnexgy. In contrast to the Air Force B-58 bomber, one of
the larxgest supcrsonic aircrall presently ammloycd, which has a length
of 100 fcet, @ wcichl of 50 tons, and & maximum speced of about Mach 2,10
the 88T is experted to be nearly 300 feet ]oég (the length of a foothall

3

. . . 8 " . ‘o .
fiecld) and will weigh abcut 300 tons;  even thoush its cruising altitudce




will be in the rarific. air botween 60,000 and 70,000 fcet, (12--14

T

; 9
b o miles), the SST's high speed of Mach 2.7 (1800 I5pH)  will ensure

"

extensive collision with air molecules and ‘“rong resultant shock

o

waves. Indeed, onc of the technical probhlems faced by designers of

the aircraft is the great hcat produced on the surface of the plene

by the friction crcated by its collision with air wolecules at 70,000

feet.

B e

Shock waves are preduced by a svpersonic aircraft at each place

where the surface of the j.lane greatly disturbs the air during flight.

For example, the simple airplene confiqguration showr in Figuve 6 pro-

=]

=T - ”
B inmidasiinbicons

duces major shock waves at the front of the plane, the lecading edge of
] the wing, and the bock edge of the wing and tail. In that same figure,
the rise in pressure near the airplane that corresponds to each shock

wave may also be seen. As these shock waves move through the air, the

ones produced between the front and tail waves tcnd to approach those

—

two waves and eventually coalesce with them as shown in Figure 7.11

Figure 8 shows clearly that the maximum overpressurc of the shock waves

e
S

co_.s 12 N
is greatoer after than before combination. For the supersonic trans-

port cruising at 60,000 to 70,000 feet, this combination will occur before

the shock waves hit the ground. However, it is believed that at altitudes

| =

of 40,000 feet or less this combination will not occur before the shock

waves strike the ground; so the exact size and shapc of the planc may

have an important effect on the overpressures experienced on the ground

NPT g =T AT PR TR T T T

3
from shock waves produced at thesc lower altitudes.l Unfortunately,

B A e

} the airplavne shape which produces the least strong sct of shock waves

; . before combinatiorn is not the same shape which gives maxinmun flight

l and maneuvering cfficiency, so the minimum sonic hooa configuration
s

\ 14
increases the operating cost of the airplanc.

PSR G




.

UOPRSSU .

*20uUE3STP UTE3IAID B I0F ITR Y3 y3nozya
Sur]oABI] 193J® SOABAM YOOUS UTBW OM] OJuf
j3aodsueay djuosaadns ® £q pasnpoad saaem
jooys Jo uoyrjBUIqUWOd 3Yj jo oydwexy

‘L 290913




H
- e

B st oo e
L}

q-
AP AP
SN, 3

FIGURE 8. Comparison of the overpressure of shock waves produced from
a supersonic transport before and after combination of the shock waves,
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FIGURE 9, Different directions of travel of shock waves formed
by aircraft moving at different speeds,
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B.  Variations in Sonic Booun Strength.
Jn erder to detcrinine the possible strenyth of ss7 generated

shockyaves as they reach the ground, we must focus our attention

on the front, or leading, shodl: wave an SST would produce. fThe

direction in which the shock wave initially travels depends upon the

speed of the plane at the timce the agitation is produced. Examples

of shock waves produced at @if ferent: speeds are shown in Figure 9, At

a given time, the vhole shock wave that has been rroduced during the

prior few scconds by the front of a plauc moving at a cons’ant speed

looks like a cone trailing the Plane, at least vhen the atnosphere ig

considered to bhe berfectly uniform.

Two characteristics of the shock wave must be carefully distinguished.

The wave front sweeps back from the plane in the conical shape illustrated.

But the direction_pf iovement of any part of the wave front and of the

energy in the wave front is perpendicular to the front,

Analogy can he

made to occan waves breaking on a beach. oOne observes a line of breakers~.-

the wave front--parallel to the shore. But the movement of the wave, and

more particularly of the encrgy of the wave, is toward the beach. Thus,

in Figure 9, the wave ffonts are shown by solid lines sweeping back

from the nosec of the Plane; and the direction of movement of each wave

1s shown by the arrows,

If the plane is flying level with the ground, this conc intersects

the ground in the form of a hyperbola, as shown in Figure 10. We must

not forget that this cone is only a picturc of the shock wave at a

given moment, and that cach pertion of the shock wave actually moves

in a direction berpendicular to the wave front. A scries of impactg

between the wave apg the growmnd will occur as indicated by the datied

i




FIGURE 10,

Diagram showing both the conical shape
oi the shock waves trailing the super-
sonic transport and the intersection
of the shock waves on the ground
{shaded hyverbola).
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.- line in ¥Figuie 11, The part of the shock wave which is produced by
. the airplene at & given place in the air travels along a path as shown

in igurc 12, Since the wave mast travel farther through the aix to

.
e s o o e

rcach Lhe growmd 7 it dig directed out to the side of the planc than

&

if it is dircceted bonecatihy the alrplene, the shodh wave w@ich rcaches
the ground to the cide of the path of flight is less strong (ignoring
atrmospheric distortion for the romant) then that which reaches the
ground dircctly beoncetl the path of flight.

Al a certain distance owey fron the puth of £1light, the shock
wave has to travel so fey before yeaching tlie ground that it becones
dicsipated in the aix; thus the vidth of the affected area on the ground

15

is limited by the strength of lhe initiel shock wave. Conyparative
strengths of shoch waves reaching the ¢round at differenl. distances from
the path of flight are illusirated in Pigure 13 for e tyricel supersonic
| 16 , e a1l .
flight. sstinates of the width of the erca which will be affectec by
the Armcrican supersonic transport, traveling at cruising altitude and
spced, range froa 30 to 80 miles. 0L course the affected avea extends
along the enlire path of supersonic flight @ illustrated in Figure 14.
Since supcrsonic speeds arc expeclted to be attained between 100 and 200
miles from the airport of origin end te end about 100 miles from the
destination eirpoxt, a typical flight such as Fow York to Los Angeles
will affect the lergce swath of territory shown on the man of the United -
States in Figurce 15.

1. Mmosphevic Distortions.

. The strencths of check waves striliing the grownd along the path
13 17 I3
of"flight will nolt bo consistent, for the simple conical fora of the

g
f
*

shock wave which has bean Cescribed does notv adeguately yapresent the
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FIGURE 14, View from above the airplanc showing the area
covered by the shock wave (sometimes called the
sonic boom "carpet'),
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possible variaticns in shock waves which will be caused by an actual \
SR g plane in the actual atmosphere. Ve must now exawine one by one the ’

effects of certain meteorolegical phenowmena and then cowbine these ef--

fects to illustrate the relative strengths of shock waves striking the
r ground under common a*tuospheric conditions.

a. Te.aperature Effect

The non-uniform aspect of the real atmosphere with which we

are most femiliar is its variable pressure. At high altitudes,

£E I
'E i1 the pressure is much less than at sea lavel. Up to 35,000 fect
:% [~ altitade, this pressure decrease is accompanied by a substantial

decrcasc in the terperaturc of the air from an average in the
United States of 50°r at sea level to -70°F at 35,000 fcct.18

The spced of a shock wave is strongly dependent upon the tempera-
ture of the air through whigh it paSFeslg and the shock wave travels

more rapidly at higher temperature. Thus the parts of the shock

? ao m
Lo Lt ——
[. i d

wave in the lower altitudes travel faster than the parts in the

higher altitudes. The net result is a bending of the shock wave

 pra—

as shown in Figure 16. Figure 16 also illustrates a case in which

the speed and level of flight are properly chosen so that the

beiding effect directs the lower part of the shock wave parallel

: R s
S
oy
| SN

to the ground, thereby preventing the shock wave from ever striking
the ground. Howaver, for.the SST traveling at cruising speed,

the shock wave is directed so sharply away from the line of flight,
as shown in Figure 17, that this average tewperature variance can-
not precvert the shock wave from recaching the ground furing level

20
flight.
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The smonth variation of pressure and temperature which has

becn assumed in the preceding discussion is in accordance with

a conceptual) moded knoon as the standord atmosphere, which is
used as @ refervence for conparing different uneteorological condi-
tio 3.21 The actunl atwosphere rarely conforms to the model.

The two localirzed varictions fron the stendavd atmosphere which
have the groatest effect upon shock waves pascing through them
are temperature nessen and wind regions.

Consider first the cffect of a mass of air with a tewperalure
different froaw that of the cuwrrovnding stendard atmosphere. As
illustrated in Piguwre 18, passage of a shock wave through sucﬁ an
aly mass distoris the shock wave; as a result, cneryy initially
distributed over & long scameni. of the shock wave tends to focus
in two snall portions of the wave. Conscquently the strength of
the shock wave at those two points is inecreosed over its usual
strength. Further passage through the standard c'wosphere tends
to defocus the strengthened portion and reéreate a shock wave with
unifori strength. Thercfore, only abnoraal temperature regions

lying at lJess than 10,000 fect altitude have any detectible effect

o , 22
on the relative strength of the shock wave as it reaches the ground.

But temperature pockets neer the ground arc very cowmon--
a cool pocket over a large body of water end a waim pocict over
a city are typical exaaples. A typical fecus from a wann pocket

on the aground is shown in FPigore 19. The exect magnituie of the

A

focused giawvsth of the sbedh wvave is not clear, but a doubling
M I

. 23
of sirengtih has coaonly beory predi ctod,

T s ooty o o7 T g 4

P —

e o A AR O SR




SR e

A5G

PR

b

-y

i

Sanncaang

o
/
HaRaLoU

AY

e~y

Wit L

MOUL Gl aee s, S
Tacanl  juc

CT ol

TpMous

T

i




- (9805 000‘G 03 LUTDUSIND nnnk
iled S0 oA
S punoJZ aYys Uo JU3sEa SEBH afe WaeMm B Ag cww:ao.,aw:& |
- ¥OO0US 8Uq JO SUTSnool vl FuTmcTis wWwedoBId 61 Mnbcl
i | __
— -

<

arsae

&

-

BN A el A LT CO e et L S i T
-
-

i = 2
.




o

B o

R

-

o

e et W S TP DT A 4

260

In addition to this focus cffect, a recent study has shoun
that passage of the shock wave through air colder than the
standard atwosphere involves less dissipotion of encrgy than passage
through wayucr air.24 This wcans that during thé winter identi-
cal initial shock waves will strike the ground with more encrgy
than in the sumner.
b. Wind Effect

In addition to the temperature masscs, regions of winds are
potential causes of increcased strength eof shock waves passing
through them. Wind, quite simply, is thc movement of the very
medium through which the shock wave passes. The direction of
the wind is crucial in determining the distortion of the shock
wave, just as the direction of water flow in a stream is crucial
in determining wherc a swimmer crossing the stream will land on
the other side. A very simplified sketch of the effect of a wind
region on a shock wave is shown in figure 20,

Increases in the relative strength of the shock wave created
by wind regions are nullified by further passage of the shock .
wave through thg windless standard atmosphere. One study has in-
dicated that wind magnifications created above 15,000 feet altitude
cannot be detected in the shock wave by the time it recaches the
ground. If it is correct, this proposition indicates that jet
streams (centered arow.d 35,000 feet) are not significent sources
of shock wave magnification.25 However, winds commnonly extend
to ground level, and very strong uwnpredictoble winds may be

expected belou 15,000 fect.
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The wind effect on a shock vave has not been thoroushilv in-
J =

o s

vestigated, and the extent of poscible magnification does not

seem to be agreed uwpon. The two most deteiled studies indicate

that two-fold magnification of the nocwal shock wave strength

may occur, but neither study attempts to determine the magnifi-

cation resulting froa very localized winds which would be expected
. . 26

to focus the shock wave sharply into a particular place. of

course, not all the effects are adverse: scae winds may actv.lly

27
prevent parts of the shock wave from reaching the carth. But

wind effects will causc marked variations in both the strength
and dircction of movement of the shock wave.

Because atmmospheric variations of temwerature masses and
wind regicns will often occur at the sawe time and place, the
effects of the two phenomena on a shock wave will often occur
simultanecusly with the result that a single shock wave may very
mmmtha%@hs&mﬁhmd@mﬁmsumhsumﬁhmmw
because of oxdinary variations in thc atmosphere through which the
shock wave must travel. BEven the relotively scanty results from
experiments which have been conducted up to the present time have
shown these magnification effects.28 For examnle, Figure 20a
wnich is derived from the Chicago tests in 1965 shows that double
magnifications occur about 0.5 per cent of the time. Lundbexy's
analysis of the Oklahoma Cily tests indicate similar probabilities
although his results are probably extrepolated frow the actual

29

experimontal data. Figure 20b shows those results and elso
shows the actuval area which would be affected by the nagnificd shock
waves during a single supersonic flight from Los Angel-s to

New York.
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FIGURE 20b. Graph showing the probabilitie. that a given shock wave
of normal pressure X will be stronger or weaker than x at various
distances from tne flight path,

For example, the graph illustratas that a wave al least twice as
strong as x will occur with a probzability of .001 (.19 of the timr) at
a distance 33 miles from the flight path, It is equally probcble (.001)
that the wvave will be atv least 2.25 timas as st{rong as x on the flignt
path, A wave at least as strong as normzl strencbh x (rmaltiple 1.0) is
shown to occur alonz the flicht path with a probability of 0.5,

The numbers in the left hand column indicaic nmultiples of nornal
wave strangth (x) from .5, or i, to 2.5, or 2%, Tne numbers ot the
left end of each curve indicate the probability value of the curve;
that 1s, the probavility that nultiples of shock wave sirength, at
least as strong as those indiceted by the nunmbers In the left hand
column, will occur at any given distance from the flicht pzath,

The figures in tha rizht hand column show the number of sguare
miles of land {nat would be exposed to overpraisures hzving the
probabllity value of the curve to the number's leoft on & sinzls oo
Angiles=Mow Yorit flignt., Thus it is Indiecoted thoet 1,230 scurrs wioas
will bo exnosed to overprvessuras ot least 1.4 to 1.8 Liszs newonl

strenzth during such a {lignht,
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Fro. that figuie, it is apparent that those ceeoningly infrecuens:

maghifications will affect very large areas; indsed, over the coursc

of a yecar's {lightls, voery fow parts of the arcos traversed by §89's will

remein vitovched by o wognified shoch wvave. ]
2. Mancuvers ]
LN A i i

The cavscs of ¢hoek wave distorlion so far cxoninzd are those 1
which cen affect the strength of a wave produced by an SST flying i

straight, level end ab constont speed.  Additional complications
and magnificaticns may be inlroduced by airceraft maneuvvers which the
SST will be veguired to milie.

rt leest once cochh flioht, the 58% will accelerate from subscnic
to supersonic spoods.  This accelerztion throuvgh speeds in the Hach 1
range will cause focusing and concentration of the shodk waves heing
generated ducing that acceleration. Since the causes of wave focusing are
similor in the case of most mancuvers it is appropriate Lo exanine the
accelerotion phenomenon in some detail; thorcuch understanding ¢f this instance
of focusing will facilitate consideration of other mancuvers.

Recell that the shoek wave front is almost perpendicular to the
flight petb at Mach 1 and forms an increasingly sharp angle with the
flight path as speed increases; aad recaldl that the direction of encrgy
trencmission is pexpendicular to the wave fronit:. As the SST accelerates
through different specds, no two of the wave fents cau;od will be pre-
ciscly povellel to ope amother, and honce no two energy paths will beo
parellel. As illusiraled in igure 21, tho cencrgy releoszed at Tiwce 1
is "adned” at o point en the grvomd well formird of the plene's position

st thet biwe. MU 9 2 the plane hes adveaced, and encvgy released at

it 2 da oive A wes noarvls slreicht deonpe oLl ebont the saee point on
. R~ — —
0 e mtearant i S AR
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the ground ot which the first shock wes @ilcd.  Moreovexr shock nurher
two has ashorter distevce Lo trovel so that it tends to catch up with
and reinforee phodh nwdboer ornc.  FPor this reosoen there is a significant
focusing of cucrgy el that arce on the ground whore the “sonic boow
,

carpet” fivst occurs.  An arca in the shane of & horscesheo (with the
open end of the horsesher in the Qlvection of flaght) will experience
overpressurces of wnusval intensity.

An analogy mey esgist (Ul understending of the azcceleration, or
horscshes, phencienon.  Tnegine that a firetruck is being driven down the
strect by a playful fireman who drcides to sgvirt a friend with the
fire hose. le airs the hose at the friend and turrs on the water
viaile the friend is well uwn the street, almost cheed of the truck on
the sidewalk. As the truck moves closcr end finelly passes the friend,
the fireman continues to aim, pojntjng Lhe hose 1ore and more to the

.

side of the truck as the truck draws alongside the friend. Suppose

that the speced of the truck, the velocity of the water and the distance

to the friend all happencd to be such that all the water particles that

had been shot out on their independont journeys tovard the friend over
a period of many seconds, each on a diffc .t couwrse and with a different
distance to.trave] to the friend, hapnened to srrive at the same instant
of time. The friend would not be wetted gently over a period of many
scconds but would bo_strucg violenltly by a well of water.

A similar aggregation of shock weves striking a point on the
carth is wvhat cauces the horsesher effect. thile no conscious aiming
is involved, the plane sends out  «onnlete conical wall of shock waves
at: eazh noment and e dircctior =ovencht of cach suscessive wall is

projressively ave dovneard and less in the direction of flicht. Thore
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will ba some particular ereo on the cexth henceth L plence so sitvated
1 as to e subjocted to the focvoing etfects idluvstrated in Piowe 21.
The ar@a cn the grouwnd that will be affectad by this foowsing can be
predicted faicly clesely (2 5 miles), i the atrospheric conditions
arc not teo severe ead the altitude and acceleralion are knowsn. The
rcgion that the focused pressure wave strilics looks like a hexseshoc
300 fect wida below the planc's line of £light, with ils oven end in
. the direction of the plane's wovenzni. The horseshcor encopasscs on
30

- arca of about one sjuare mile. his focus is generally consicdered

to give at least a two-fold megnification of the normmal shock wave strengih

expected from level flight al caaporable specds.
It may be possible to mininize the hoerseshoe focus problem by
having the planc climb es it accelerates through the transsonic speed
. range. If the angle of climdb is sufficiently great, the initial
i direction of shock cnergy and the kending of the shock waves by the
temperature gradient in the atmospherc may reduce the effect by

forcing the shock wave to travel a long distance through the air

before striking the ground, as shown in Figure 22,

A second comnon maneuver by the supersonic transport is the

"pushover," which is the change from a cliwbd to hoxizeontal flight.

i This mancuver also crecates & sirengthened shock wave on the ground
since the sheck waves produvced during the climb mect the ground at
i : . the same tiwe es the waves produced moments later during horizontal
‘-Ia flight. ¥Figure 23 shows hoy this reinforcement can occur by outlining

f [' the paths of several portions of the overall chock wave and by showing

momentary configurations which result from the pushov. » mancuver,

e
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Where ihe twoe shozh woves cpnear to follow cach other very closely, it
is boiicwed that ey coaleuce to form & single strengthenad shook
%o i
R wave.
- Moesured shoch voves having overpsressuies {ous tiney as great as i
. !
. . 3l . . .
nonnal have boeen atividmred Lo pushoedy manc. veis; although if thoe
sup. reonie Lroasport mohen @ very oredeal pronoves, fowrfold magnifi-
cotions ave vatikely. 2 =indlar though less wmadied offect oveurs when
the superconic tronsport leaver Jovel £light to descond end decolerate
as shorn in Figure 24.
The third mencuver which oy gave a Jocusing elfcet uson the
ground is a simple tuvun, The yessenn for this focus are the sue as
for the pushover wincuver, but in this case the doubling eover of the
. shock vave, as shoun by the momentary intcicections of the shocl wave
. with the ground in Figuie 25, occurs only by postions of the wave vhich
- are elyeady reduced in strength by their long travel through the air,
s
{ This is o be contrasted to the reinforcement of thc pushover vhich
I involves parts of the shock wave having the least distance to {ravel
1 . to the grownd. ioreover the SSU traveling et Hach 2.7 will move in
- almosi. a straight Yine., The enldy sharp turn required will he for
landing, and that will be at subsonic speed. Thereforc, scrious
maghifications of shicck weve strengihs coused by turning the 887
probably will nol constitute a major problen.™ ™
A fourth probplen related to alrplane juncavers in the siwaltancous
ground intorsection of twe shock wivas prodoesd fren tvo di {feront suner-
gonic transporis passing neer ono onciher (30 miles de suTficicilly close).
!
boae
Figure 20 shews cloarly thal the two sheeh vaves goneroled by Lvo possing
r
supersonte alrplon s will readh eown ploce oo U grovnd w0 the oo
g - e
PP RER—— s X x - e
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tive &0 the plowes are ciens enovgh together,  Although tLraveli« in

difrFerent Qlzoction 1he eneray of thoese ghioth waves will add . cavsing
7 ;) ; o

2 L () ' o 8 Hracd v o Gmrod 9 N . S I 5
o e diie:” Sheoh vers o the grovad, bosimiday effect is ¢ oLoted
1
) 3 Bl . B e S ap il & oo TR ST AP S . S 0
by one sagperconia Locnsoort overts Mg caother, s shosn an Fagure 27,

Imaced, in this lotins woocr, the o dative srcods and altitules of the
tvo aireraft i conaidr du sueh a was thel this sinultencovs intor

seciien ot grovnd leva ) vill ocens for vy miles 2)ong the {1iaht

Nedh, thus affcos & widnopcead cres awith a s
K t a

Hhe mogntfiestione caused in o
-

are andependent of nuomd fleetions covecd by the alnosohore, and

therofowe the ol fects cen be adfitive, I o slhod wave, strengthano

boecoves of sows nennuver, aleo enconntors diastorting atwosyh i
Giticns, threcfold end fousZold maouilications boconn entlyely

o

Similuvly, the conbinction of mameuver-wmplified sholh vaves freca o

diffecrent plones mould result in cightfold negnificetion undoy dlstoriing

=g

atmoppherice cenditione. Horever the relative prodiclebility of mancuver .

magnifications should netic it possible in most cages Lo avoid these
extremely large factors of reinforcernent by usine routes and schedules
which vill «void overlanning of shock warves preduced by critical manouvers.
3. _ Refloctions,

The mognifications of the shock weves frwma the sunersonic trans-
porl whitch heve thus for becn diccvssed oceur indepondontly of tho
ground vl the ghodh wave strikes.  Unforiuasovely, the chevacter of
ff

Lhe grommd=-1wi1ding:, hills, dakor, and se fortv-elue influence the

elfective sivencth of o shock wove vhideh o

tralos o povlicular person ox
stroctune. TU his boos fowad thael ncardss 90 pereant of tho encryy of a

ahiock wnve ig setloctsd I snonth sl cos ceeh s wabas, poved ercas, ficlds,
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wA

or wiolls. Uhesofore dncvcesces iy e doctractive surenoth of o chock

vove ididne e coovrd 00 nesticeiar

v
4
- o - 4

doec e be o conead by Lho

|

simultincoge. i

~
-
—
3]
Ca
=
o«
)o
-
.
g S

Pigure 28 rhoor din oo sieodified rommer hot @ osingle choc

p
-

VoWaNe may

coentarily

~y
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-
=
-
—
~
-
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-
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bhe reflected vovn Jiseld Lo own o

) Q

magnd £iod shockh wivo, Instiing ot the piove vhore The ad7ition ocours

3
‘

(maxlied by 1he »ougly L) woulc feciad by oo dohle strongth shook
Vave.

Tne coming torotherw of {voe shoch waves from opoozite divecticns
doos resull in @ ceawniubion of thely individual stren the aloug the
line of collision of the tuwo Ffronte just oo (vo wateor waves thus
celliding will cucunlate to forw o single hiyhicr weve.  Bub tho re-

sultanl phenaacoon ie not as dangerowvs as i1 @ single wave of double

strength hod booen excated by the plene; for unlike the plana-¢gencroted

wave eand the eothier instances of magnificotion that heve beon evamined,

the collizion-gencralted wave has no morentwa. 2 region of doubly high

:

prossure is created aloug the 1ine of the twoe shock weve freants. And

any object or person situated at that line would cinevience the double

pressurc. But the pheunomcnion is momenlary ond thon dissipales; it does

not form a new, doubly strong shock wave roving at sonic siced that will
strike anything in ils path.
A potentially pove destructive edditicn of raflected shock waves

shown by the xolloction effeoct of the tvo bulldines in D

[N
%]
e

qure 29,
In this case, &t least pari of one of the Luildings nmay be cwbijected

c- to the dovble presnuve.  0f covree, rofleciions off hillo as woll an

buildinge cen ceorma an afddition effcet with & shodh wave @ shom in

Ficuves 30 and 31, Cousioing Wiose two figuves, woe soo thel ches’t waves
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FIGURE 30 DMagran shoving the nefliecetion & & §
=
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! shock waeve Trom hilly ground,

o
d
1_4 " " .
Pr I e Lo
s .
. o0 ) — == ':’- e
|- “ e . ) ‘4/
‘ " =-
L L; 7 Ge..__..,,___..._._..-— — . TEeTT
e f4 - wu-—.. al. ..... ............... ——— B r "‘-’-"‘ s
i ‘
;- 4
I T e () SRl T e

snock

s
i L[\JA t:?

nLlly geound U an

st e

o o ¢ 8 o e e = - rm—— e -




sthormary g Lo i ™
St L i

o n g

e e e e et ——

268

which intcisect the grownd ot rethoer shallow angles are uoxe likely to

involve additions which actually affecl buildings and persons because of

: 36
the intersccticn®s closonsas to the grovnd.

wwrb will caune two shock waves which will

1The supcrsonic toens

[

strike ony givia poinl oo the cround abont 0.3 scconds apart. Therxe

is vory little din L sclcontific literature on the precise interactions
that the iwo weves will have. Tt is poccible, for esample, thet the
reflected bow vave condng un off ihe groond vill tend to minimize, closc
to the surface of the earth, the immact of the follozing tall wave by
"£i1lling in" the low pressure region batween the two waves.

Fven escuaing the foregoing spoculation is corrcet, the wpex
portions of all teller sbyuvctvres will be struck first by the bos wave
and then by the tail wave hefowe the refliccted bes wave has hed an
opportunity to woalen the tail wave. If the spoecenlation is incorrect,
all ohjecty will he strueh scguontially by the twe waves. fUhcse closely
spaced subjections to pressure will cawse a resonunca effect if the time
lag betwecn the two wevas is equal to the natural vibration freguency
of the object eixuch orx a whole multinle of that frecuzncy. )

Suppose, as is illusirated in Figure 32, a window in a tall
building is struck by the hor vave and flexes inward unéexr that shock.
Hundredths of a sccond l=texr the bor wave has poasced and the prossure

1

outcide the building is nov lower them thal inside. The window {lexes

back, bowing eutsid:, beemie of 1ia natural period of vibralion and

becavane of the prescute s ferentiel. Thoen, o5 it glaris once nore to

reverse its diacelion of flex, it ie streck by the tail wave. The

cocond deeard fies will e of a grooter reonite’s than 11 the toil

wav:y Loed 1ot atresh 34 al thot pooad; ond Tho window nov oat 2lthoush
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{ neithe>r the boo wove noc the tedil wave alont would have brolen it. It
- is not pecosrary that e notursd poried of vibralion of the windsw be
] 0.3 ceconds iv oxdny for this effect to occuu. J1 its period of vibra-
. tion is 0.15 scconte, 0.1 sceonas, or 0,075 cceonds (1/2 or 1/3 ov 1/4
’ the shoak wev intoyval), vesouonce wWill also occur,

Since Uicne shedt waves follow each other vary closely, if one
of theo is focused cithoer by nancuwyoevs or by oluwosphordic conditions,
the 0'1.111?’..1'.5 lihely to = focuzed. ‘ibun, vibretiopal aaplification
becivse of poaonsnes caused by theee focuced shoch waves ey prove to
he o seriovs preblem,

G. Bondc oo Bficcts

Fith thic enalvsis of the pornible vaviaticns ia the offechive
strongths of shoch waves fyon swpecrsenic trancports, our atiention
must now be directed to the n-tnre of damage thal may be cauvsed by
ihese shosk waves.  Pwo broad calecorics of divect harm way be in-
volved--physical damege to property and puyciologicel damsgo to perscias.
1.  Physical Daalare.

The extent of phvsical dsnage to property thei will occur depends
not only upoir the overpressurce (amslilude) of the cffcclive ohook wave,
but elso wpon the shmpness in the prassere wiso, thoe tinme duraiion
betwcen suceaseive chook veves (Gncivding rellociicns), and meltinle
recurrences of shooh vaves over Yonn periods of dine,

Certainiy {ne nuet cwicus pogsoreront of L poelential dastruce-
tive poser of the shooh wave {rom a suoircescic Wronnme st 3 the overs

o presouce arvaedieted witlh: Uhe vaove, end oeoriingy, ensovis vl v
i
strossly cwloenized this aspect of the shor’ veves Judecd, groct offorie
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have been made to dreign the duoricor sweexronice trorerort co thaet the
average overpreasure of shoch veves which reoelt the grovad under ordinary

. ) 37
conditions will ke Jons than 2.0 psi (pounds por soguarve foot), but
even sheck wavez hoving on average overprecsure of 2.0 pafl will ke
magnified, in gone porecoataeyge of cases, to produee effective localived
shock strengths of &b lesst 4 to © puf.  Unfortunately, thus fex the
best design of the Bocing supersonic transvort irdicates that the
average overprescwaes will be closexr to 3 puf with correszpondingly
higher effective localized shack strengths. Extensive effort is still

38

being expended to improve this iesult.

Recent exporximonts which have becen conducted to test the shock
wave resistance of glass windows, plaster, and structural hullding
comymnents have indicated that very high overpressures are reguired
for a single shock wave to create dwnage vhen the glass, plester,

39
or structures are free of strecses. For erample, overprossures in
the range of 13 to 20 psf were required to fractuic newly and expertly
installed glass windows and to crack newly and expertly plastered walls,
Similar overpressures did no ascertainable dameaye Lo the structural
40 .

components. However, much less st ng pressures arce reguired to piro-
duce damage vhen stresses are pxesent. It is clear beyoud dispute that
the St. Louis test, which had no mrasured overpressures graater than
3.1 psf, caused glass damage. Since the sources of these stressoes range
from warping and drying of materials over a peried of timz to imperfect
workmanship of the original contracter, probably the mojority of structurce
in this comntry have significant stresses in once part ov anothex. There-
fore, the more fach thal stresces are recuized for dimuzge to Lo poodused
by shock wavos having overtressuvwes of 2 to 4 paf docs nobl izgots the

b
- . 41
possibility of wideonread daange from such shodal waves.
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T In addition to the evorpurensure, the shavpness of thoe rise in pres-

e

sure an dnportant. dcterminmt of the extant of pronerly destructien.
¢ Por a ningle shock wave with a givon everprosiare, the sharper the pres-

surc rise, the more likely it ie thet dewern wi11 he caveccd. A sharp

G pressure risce is aore desiruclive bociwse ihe stracture cannot respond
nd "give" a little beforce the full peorsvre of the shoch is upon it,
An analegous effecl is the comeon experience thet a gradual push areinst
a window is not 1likely to bhreoek it, buvl a sharp blos from a baseball will
e dAisastrous. Therefore the comion regnirement of local ordinances that
structures be designed to withstond smwbstantial wind pressures (e.g., 20 psf)
does not guarantece that structurcs weeline this veguizeaent will ke immune
to damage fros shock waves having overpicgsures as low as 2 psi.

The sharpoess of the risce in prescure will vary considerably because
of atmospheric variations; so it is decubtful that an alrcraft with any
givzn characteristics will consiztently produce shock wave- with re-

o latively graduel pressure rises. Pigure 33 chows the wide variation

in pressure rises caused by a sin:lc type of plaue and recorded during
tests in Chicago.

A third factor vhich affects the destructive nature of shock waves
produced from supersonic aircraft is the time difference between suc-
cessive shoch waves. 11 this Lime difference coricsponés to the natural
vibrationa) freoucncey of the object which is hit by the shock waves, the
chject will vibrate strongly jusl as 37 it woere "in tune" with the shock waves.

This is the e king of phencacnon thal creates ringing champagne

¢lasses when an o« gsinger hits thoe proper nole. Just as sustained

.

vibraetions uay coronn the crmwupact o glass to bhieal, o suctained vibrations

of tice ebject alruach ky the shoo. wave ray eauss o ndment damage to the

e e ——— . . e e e e s e
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. FIGURE 33. Shock wave pressure si

enatures recorded {rom flights
l' of B-58 bombers over Chicaco in 1805, The signzture was subject
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object. The pressurc pcaks of the front and tail shock waves of the
suﬁersonic transport will probably fall in the'2 to 10 cycles per

0( ’
sceond frequency renge, a range that corresponds to the natural vibra-
tior frequency: of many windows, walls, and beams in common buildings.
Althouyh our ears cannot hear -this freguency of souna, the building
components do “hear" it and react accordingly. FExamples of the vibra-
tions set w in a window pane, & wall, and a bcana by the front and tail
shock waves from a typical supersonic alrcraft are shown in Figure 34.
The time Quration between the two shock waves corresponded to the
natural frequency of the bean and thercfore the large vibrations shown
in that figure were crecated. :

Up to this time no experiments have run long enodugh or have in-

volved sufficiently frequent flights o indicate the possibility o

th

cunulative damage from vibratious caused !y repected exposures to shock
wvaves from supersonic aircraft. However, extensive experience with other
potentially destructive forces has indicated thet, although a single
shock of a given streng:h is reguired to create particular damage, re-
' 3
peated expesure to forces only one tenth as great will eventually cause
42 L 3 . .
the ea-.» damagc. Therefore, it is possible that thz cumulative cffect
of five or ten years of dajly exvosure tu even the ordinary shock waves
from the supersonic transpoxt will prove to Lo a substantial source of
physicn? damage.

2. Eficct on People

Although there has been speeculation that pliysiological hamm might
be donc to persoas by thie direct force of the shock wave, experiments
have shoun conclusively that no proLable cshock wave produced by a
supersonic civolane will be streng cnough te rupture eardruas, the part

43
of the hidy nest sensitive to shock wave prossusce.




i_ g 1 ® Dimpe ! :mu:’ E:} \........,..

o §

o T T e

Gaanhen alin

273 ’

But the shock wave iz porerived oz a very louvd wnd sudden noise.,

The loudness of shock waves striking o person directly depends won the

overalf configuration of cach shock wuve end the time differcatial bo-
tween successive waves. The higher the overpressure of the shock wave,
the louder it seems, although our scuses cannol readily distinguish the .
difference in loudness betheeﬁ two waves having overpressures differing
by only 1 psf. A sharb rise in the pressure aakes e sheck wave scam
louderx than a wave characterized by a gradual risc in pressure. Perhaps
most important, the highur.the average frequency of the sound waves
vhich make up the shock wave, the larger & fraction of the =anexgy actually
44
present is perceptible by the human ear and the louder the noice secms.
The average frequency foi supersonic transpeorts will uctually be lowser than
the average for psresent day fighter aircraft; but since the range of
frequencies is Qery broad, a substantial part of the wave's energy will
45
lie in sound freguencies within the audible range.
In addition to these characteristics of a single shock wave, the
time differential between successive waves is importaat. The human
ear can not distingﬁish between shock wavas which are less than
0.05 seconds apart. Although the ear responds almost immediately
to the first shock wave, any other wave which nay strike the ear .
within 0.05 seconds is perceived as an augmentation of the first wave.

The effect of a shock wave on a person's scnsations also de-

pends eritically upon vhere he havpens to be waen the shock wave

hits. 1If he is standing in an open field, ounly the shocdh wave, itc i

;?

reflection, and the shaking of tha ground itsclf (ccused by the
widespread inpact of the shock wave) give hinm a sensation of noise

or discomfort. IF he is standing necar bulldings, he is affected by
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Multiple re-

maltiple ye flections rather than & single rerlection.

{flections within the 0.05 seconds may ¢recate an
gseveral times &as great as that senced by @ person standing in a field

who hears the same wave. )
1f a person is inside a building when ;he shock wave strikes,
vibrations caused by the jarring of the building will pe felt; and -
those vibrations 1ast much longer than the shock wave jtself. This
oscillation of valls oX window pancs also sets up seconcary sound
and the resonance created by these second-

waves as shown in Figure 35,
aves in a closed room can be substantial. O the othex hand,

ary ¥
1f the room is open to the air, the shock wave may enter directly into
36. This

roon and be reflected inside it as illustrated in Figure

the
also xosults in resonance in the room. thezeby making the effective
poise scem louder than if it had been experienced in an open field. A

ama shock wave seems twice as lovd

46

recent study has indicated that the s

vko heard inside as when heaxd outside.

The primasy significancc of the apparent loudnass of the sonic boow is
its startle effect on peorle. With respect te its capacity to startle,
~ sonic boom is very different from the noise asscciated with subsonic
aircraft. MNoise from a subsonic plane is heard before it reaches full
intensity and £hus furnishesz 1its own warning of louder noise to comc.
The full inpact of the sonic boon 1s upoad the obscxvgy pefore his
genses can perccive any indication of its arrival. Neither the shock
wave noxr the cruising supcrsonic trensport from which it originates

will be seen or heard before the rqll impact ceCuis.
There is sunstantiel coutraversy rogarding whetheyx prople will be-

Yeans o thore foy

-i~d 1o hearing sonic X

wmaumwwm

apparent loudness 5

o will not be startled
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FIGURE 35. Dilzgream showing the resonance

caused in a closed room by vibrations from
walls, ceilings, and windows as a result of
a shock wave striking the building.

RIGME 35, Di-grem showinz the resonsnos
enusad in 2n opon rocm hy reflestions [rom
a shock wave enbering the voom dlirectly.
fecsonunce 15 &loo causad hers by vibrations

in the walls and ceiling,
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when booms become commorn. A division of commentators into two camps

-

has occurrcé-~the "no-startle" group and the "startle" group-- and

each side interprets very differently the eryperimental data that are

ot T T P Tt s e
e

- avai lablc.

.
L]

The first types of exvcrinental data cited cre labora£ory cxpefi*
ments in vhich volunteers have leen subjectcd repeatedly to recordings
of sonic kooms or othexr like noiscs during the short period of time
comprising.the test. The no-startle group cites a sct of results vhich
] Ce indicatcd that @ noise designed to be the cquivalent of a 2 pst shock

wave produced no physiological startle (measuvrad by the heart rate)

.

) 4
after the first erposurc during tha test. " But the startle group

rejects the inferences that might ne drawn from such tests on several

grounds: The test did not involve the strong buil?”ing vibration which
.

g a rcal shock wave causcs. The volunteers were all young, healthy and

alert persons. Under the circunstances -only the first simulated sonic

boor. could be cxpected to cause a startle effect because the subjzcts

e e e

f i knew that what they were experiencing was only a test aud expected
| ! subscquent boows (the time span of the test was ten minutes). Fiﬁally,
several of the subjects werc startled by the first exposure and experi-
enced a significant jump in heart rate.

The startle group cites a dificrent laboratory experiment which
i indicated that the upper limit of acceptable shock waves as heard

Qe : . 48
indoors is 1.0 psf and as hcasrd outdooxs is 1.9 psf. However, the

no-startle group paints out thet although the yelativa™acceptability
belween indcor and outdoor shcul. waves may be correct, the method of

determining the quantitative values of the overpressure was sheer

quassworl .
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None of these laboratory experiments can be regarded as afford-
ing substantial evidence of the significance or potential for harm

of the startle effect, especially with respect *o sleeping or scnsitive

- persons.. It seems fair to analoyize expewime:ts. conducted thus far

to testing reactions at a fireworks dicrlay for the purpose of learning

. whether a man is likely to be sta.tled by the unexpected. explosion of

a cherry bonb under his bed.

The second type of experimental data cited by the opposing groups
in this controversy involves public reactions to actual sonic bocus
49

produced in tests conducted with Air Force planas over populated avrcas.

The no-startle group notes that the number of ccmplaints received in

these tests was small compared to the numbe: of persons exposed to the

50 , :
ghock wave. However, in opposition, the startle group argues that

most people generally are reluctant to make formal complaints and

that public opinion polls are a better guide to the true reaction of
persons subjected to the booms. They note that a poll conducted shortly

_aft'e'r the St. Louis test showed that 74 perxcent of the people experi-

; : 5
enced startle reuctions and 31 percent found the startle. to be annoying. .

The no-startle group counters with the observation that polls after the
tests in Okiah_oma City showed.that a person's willingness to accept sonic

booms was highly correlated with his attitude toward the SST progrem.

But the startle group points out that the same polls show that, even of

persons with the most favorable attitude, eight percent said they could
53
not accept eight sonic booms daily.
Buried among these statistics from the Air Force tests are scveral

undisputed facts: First, the shock wave overpressures reaching the

ground under the flight path ranged from about one-half the average




ol s

expected for the SST to a maximum abcul equal to the S§5T average. There

. were no Y ooms as loud as some the SST will crcate. Second, the widths
of the areas affected by each flight were probehly less than two~thirds

o Rt the width of the SST hoonm carpet. Certainiy the total area involved was

e far less than the area whicﬂ would be affectgd by an equal nunber of SST
flights. &2nd third, the tests created clcarly defined adverse reactions
from a significant § action of the popvlation. Although the sigrificance
of the fact is somewhat dbsqured by political factors, icaction to the

Oklahoma City tests was suificiently adverse to lead the City Council to

54
request that the tests be terminated before their scheduled completion.

PR
[S———

In the case of greatly magnified shock waves (superbooms), even

persons not sensitive to ordinary booms may have a startle reac:ion,

[

people to become accustomed to them.

¥

The magnitude of the startle reaction is an importznt question

Pe—
8,

not only because pcople dislike being startled but because the » -y

phenomenon can be c¢zpected to cauvse a certain number of serious physi-

. .
e

ikt a1

|
|
i
|
i
i .
for the relative infrequency of such shock waves will not pemmit
§
!
; cal injuries. Damage cleims filed with the Air Ferc: include a number
55
for injuries thus caused. Persons startled while they are perfoiming

various physical activities may suffer such injuries as falls from ladders,

falls down stairs, cuts from power-tools and similar consequences of

| E ' huran malfunction.
There is no reliable information at the present time indicating
i |
Ll the probablic efircts of 1epeated exposure to booms over long periods
F !
1 of time cn psychological hcalth.
| J!
b

Somewhat yelated to startle effect end psychological cffect on

persons is the effect booms may hava upon domestic aninmals and the
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industries dependent upon those animals. Experimental studies have

not concentrated upon this aspect of the sonic boom and no significant

: data ié available. Effect on animals may prove to be a significant pro-
h] _ biem, however; t;e‘six month Oklahoma City test indicated that at least
1 scane people believed the sonic booms haé an ;dverse effect on production
from animals upon which their bus;ness dépended. Claims have been

filed with the Air Force for many varieties of damage to animals,56 in-

i cluding baby minks killed by their mothers, chickens that huddled in

- acortex of a coop and smothered and horses that stampeded into barbed
i wire -~ all assertedly in response to booms.
LY 3, Extent of Exposure to Booms

iuLj : - gaying described the possible effects created at particular

p}acesvon the ground by shock waves generated in supersonic flight,

'; [] : ,we?turn ourdgttention to the extent of exposure to these effects

’ on the aésumption that transcontinental flights by supersonic trans-
ports will become a common part of air transportation. Because each

{]. : lupérson;c flight creates shock waves which affect an area of the

ground at least 50 miles Qide and extending along all but the vexy

beginning and end of the flight path, regular supersonic flights

Lj will affect large areus of the country. All of the area shaded in
Figure 37 would be exposed to éonic booms by just one one-way flight

f LJ between each pair of cities more than 1500 miles apart and having a

population in the vicinity of each city of more than one million.

That figure represents a conservative estimate, since it includes

no foreign flights, no domestic flights of less than 1500 miles, and

=] 3

no £flight to or from a metropolitan arez with less than one million

population. One such set of round-trip flights would expose the same

fm ]

or a very similar area twice, and so on for each set of flichts.
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The implications of this exposure may be illustrated by the case
of the Los Angeles-New York run. The area exposed includes at the
present time more than 10 million people. If 10 flights occurred every
day in each direction, each of the 10 million people will be exposed to
20 boowns each day, 7,300 boonms cach year. Seventy-three billion person-
exposures per year would be caused by this one run. Although double-
strength bosms cccur only one time out of 1,000, 73 million exposures

to double overpressures would occur each year as a result of flights
between these two cities.57 This estimate is conservative in that it
makes no allowance for shock wave magnifications caused by aircrafi with

czéssing paths or for aircraft passing or overtaking one another.

-

b o




!

1! Parxt II: THFE SONIC BOOM

E e . Chapter II: %HE LEGAL ASPECTS

i h. The Gencral Nnalysis:

The purpose of this chapter is three-fold: 1) to'artidhlaﬁé‘briefly the’

criteria hy which the adeguacy of a legal system to deal with sonic boon damage

may be judged; 2) to discover the various theories of relief which might be;
available under present law to a plaintiff whose person or property has been

damaged by or on accouwnt of a sonic beom; and 3) to evaluate these theories

LR ——
oo g

and suggest alternative rules that would more nearly satisfy the proposed

i criteria.

g

1' We dexive the criteria initially from the same kind of economic analysis

vhich we applied to the problem of airport noise. Sonic boom damage represents

a cost that gupe i light imposes on those who must share the eh&ixonment ST

into which it intiudes itself. If the benefits that commercial supersonic

[Py

PRI,
Powon mond
)

P

flight yields are capable of paying thesc costs as well“as all its other

costs, then it should be pemmitted. Once this decision is made and rescurces

v |
Wy §

are comnmitted to the enterprise of supplying supersonic air transport, then

a rational society will take into account the fact that it has a sunk in-

ey
e

| vestment in the enterprise of supersonic transport; and it will take such
- accommodating measures as are economically efficient to minimize the damage

that will flow from sonic booms. Such measures might include, for example,

L ]

mounting all newly installed panes of glass in special mountings. In theory,

at least, *he division ¢f all affected investment into "pre-existing" and

gt
L

"subsequent" categories would be appropriate. Damage, or loss of value,

[ e
| S

inflicted on pre-cxisting investment should ke regarded as a cost of super¥

sonic flight and imposed on that enterprise to the dual ends of testing the

Prtrnae
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prouposition that its benefits exceed its costs and of avoiding unjust,

e, 3 v -

2 :
.L_.__. 3 : . substantial shifts of wealth from those adversely affected by booms to
3 those vwho receive the benefits of supersonic transport.

15 : As was true in the context of airport noisc., the only means by which

L? b this oomparison 0. SST costs and benefits can be made wit.h even approxinate

£

g' 5 acangcy is to establish markets in vhich people can register their displeasure

with booms and thelr pleasure with shorter air travel time. Neither in the

B aiipért noise cohtext nor here is thete“any parti.cular difficulty in establish-

fo ] ing markets on which the benefits of air transport can be measured: those bene-

fits are messured with tolerable accuracy by the prices air transport users are

willing to pay for the transport service. The disutility of airport noise

|4 ocould be mzasuted by th: msans we outlined in the grior portion of this report. w
ko oA V!hoae means may be characterimd as devices for a&king people hcow much more t.hey
[ . are willing to J_ax to ca M_t_lﬁ.rﬁlives in MW
? = W»meir ansver to that.question is revealed
= - by the difference in rental value between prbﬁerties in the same general area
; _J : lnd othe.ﬁv’ise simiiar exoe§£ for the exposure of dne_gx_-gzéﬁy_to_g;rcraft'noise.
o e -1;11“1;- xeliablc index of the social afsutility of the sonic boom will |
_:_J : : ‘Qxist. Exposure to 1:he bocm will be conmon to very large areas, leaving no areas
; } unaffected which are. sufﬁc;ently similar in their geographic features to fur-

1 ' - nish a standard of valus comparison. If it were possible to find a measuring
‘L_ & device similar to dif.ferent:lala in rental values around ajxports which could
be looked to as a source o.f. quantitat::.ve information about the disutility of

booms, we would he ‘strongly disposed to urge that a market solution to the

tions shows quite .plainly that .Egal systems cannot be administered success—

| E g . sonic boom problem be adopted: ~ in our opinion, the history of our institu~

fully if they depend wholly upén administrative' int'uitio;n ahout ‘the conmparative
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utility of different. courses of action. They arc unsuccessful in several

_—

]
*
.

i senses: First, because they lack any objective criteria, such as market data,

————————

upon vhich to base the choices that must be made, the correctness of the choices

[ e
-8

made is inevitably open to doubt. Second, for want of such criteria, the

e e
s

|

|

adninistrators arc unable to justify persuasively the choices they have mada._ ;
Third, because the choices made cannot be shown objective’y to be either right or

{

wrong, the administrators are_vulnereble both to the accusation . coxrvrtion and

g
[ Se—

to actual corruption. To avoid such administrative institutions whenever possible =

is a basic dictate of political wisdom. ' !

[ —
R ]

But avoidance is not always possible; and we do not believe it is possibie

ooy
L

in the case of the sonic boum. The boom, in this respect, is similar to the : 1

phenomenon of automobile noise. Automcbiles make noise and thereby lessen the

r-..-.._
B et ]

amenities of our enviromment. Three basic social responses to that fact are -

conceivable: firxst, outlaw use of intexnal combustion vehicles in some or all

puwblic places; second, permit their use without restriction; third, permit their 4

poes
[ L)

use subject to the condition that mufflers are installed. The third choice, of

couise, pexmits of an abuost infinite variety of sub-choices in terms of how

i e
' Bt §
o ey

much quieting will be insisted upon at the expense of chemical efficiency; for, i

l‘ in general, the more effective a muffler in terms of noise, the less efficiently, i
! . by engineering standards, the engine will run when equipped with the muffler.

- But efficiency in engincering terms is a far different thing, and employs a far

i S i

narrower calculus, than economic efficiency: in engineering terms heating with

a. e )
'

natural gas is vastly more efficient than hecating with coal; but if coal is i

—

cheap and gas is scarce, the choice of coal is correct on economic and social

criteria.

| ]
W e
.

”

But while few would doubt that we are wise to choose cars with mufflers over

-

the extreme alternatives of no cars or no mufflers, there is no objective cri-

terion available by which to decide Fow much we should be prepared tov pay,
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t [- in engincering efficiency, for more thoxoughly muffled, quicter cars. To answer
! that quostion we would have to vstablish a market of some sort through which
people could buy units of guietness and thus tell us how highly they value

i quietness in compariscn with bther goods and services -~ in particular, in '

comparison with cheapexr aulcachile transportation. But tle ubiquitousness of the
automcbile renders any such market impossible. The prospect of hundreds of ‘

- millions of noise sufferers bargaining with tens of millions of automobile

users and making payuaents to induce the. users to install more effective mufflers
is absurd. The ezp=use of esteblishing and maintaining such a market -~ tne

«

resources that would have to be devotad to make the market do its job -~

v

would surely excced the henefits that society would derive frar obtaining a

T T

LJ more nearly correct answer to the "how much muffler" question. And this point
3 §

i the point at which the administrative expense of getting better answers excceds

~} .gpe value of better answers, is the point at which substitution of intujtive

for objective judgments becomes politically justified.

3 } Like the imperfectly muffled automobile, the SST will expose so many people

} to its disturbing and often destructive shock waves that any attempt to account

for all those costs, ranging from trivial annoyance to serious physical injury,

-

and to xequire that the aviation industry pay those costs to those upop whom the

————
L N

5 costs “c.tuitously fall would be impossible of accomplishment. We stress that

S

r-

1 L_ it is because the task is impossible, not because it is undesirable, that _

P

it shou' be abandoned. The costs are no less real and no less enormous by rxea-

[ —

son of the fact_that they cannot, as a practical matter, be reimbursed.

L
i [], Rather, the implications that should be drawn from the impossibility of

achieving a market solution to the boom problem ara two: First, those costs of
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R

A g

-

b— —y

LR -

the boom that can be accounted for -- those that are imposed in sufficiently large

chunks on single individuals to make the expense of accounting worthwhile --
should be reimbursed by the SST activity. And second, even after we have taken
the first step of transferring accountable costs, the SST will be bearing far less
than its acéual sociél costs. It will.be imposing subséantial externalities
upon the cowmunity at large. If nothing further is done, too many resources
vill be devnted {o SST activity and too little to all the other activities,

such as food, surface transport, education, fire protection and housing, that
satisfy numan nzeds. If nothing further is done, improperly large quantities

of income (or well-being, or utility, or wealth -- the label is not critical)
will be transferred from thcse many who snffer the booms to those few who choose
‘to fly in the silent vortex of a shock wave.

The second step that should be taken is an administrative steyp, admittedly
intuitive in its judgmental process, that achieves less boom and more tran-
quility -- a step that serves as a substitute for, an approximation of, all
those other costs of the boom for which it was impossible to account through
market mechanismzs. The essential functicn of that step is to cut back the
extent of sonic booms to that level which would prevail if all the unaccount-
able cocts were being accounted for and imposed on the industry. Onc way to
achieve this ~-- not:necessarily the best way -- would be to make an estimate
of the unaccountsble costs and to impose costs of that amount on the induvstry
by a tax which, in its inpact on individual companies, corresponds as closely
as possible with the haun each company dozs. An example would be an excise tax
on SST tickets in an amount proportionate to the product of the number of persons
who will be exposed to booms ¢rringy the trip, times the noixmal overpressure
created by the aircraft type used. A socond type of mezasurc -- probably the

most obvious -~ is a process of FAA aircraft certification: an aircraft that
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generates a normal overpressure in excess of some selected value must not

be permitted to operate ovexr inhabited areas.
We will proczed within this framework to discuss in detail the two steps
that must be taken: first, compensation for substantial injury; and second,

supplementary administrative control of the SST. ‘

B. Recovecy for Sonic Boam Damace .

It is 1977. The Farmer family lives on the outskirts of Quincy in western
Illinois. Their famm is subjected daily to at least 100 sonic booms of varying
intensity; the routes betweer & large number of major city-pairs are within
sonic-boom range of the farm.1 Since supersonic flights along these paths
began, the Farmers have periodiéally been forced to replace glass windows
that have been cracked; a recent and particularly fierce boom brcke nearly
half the windows in the.gréenhouse,,and the flying glass severely cut Mrs.
Farmer. Tne f:mily home wes recently remodeled, but larce plaster cracks have
already appeared throughout the house, and the kitchen roof has begun to leuk.

ft has‘becbme nearly impossible for anyone to work in the metal barn

because the vibrations and rcsonance caused by cach boom are almost intolerable.

SO —

Mr. Farmer was seriously injurcd a short time ago when he was startled by a boom

while adjusting the cutting angle of the reaper. Neither the Famers nor their }
aninals are abla any longer to enjoy restful sleep; milk and egg production
have declired ard the family members are £inding it increasingly difficult to
pexform thelr chores with their customary efficiency.

This hypothetical family's troubles suggest the various kinds of Qamage

‘which may be caused, and will be allcged to have been caused, by sonic booms.

et

General weakening of structures may be the result of repcated exposures; breakage
of glass will result from a particularly strong boom, especially if the glass

has been pre-stressed by imperfect mcunting or by settling of the building.
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In addition, the beon can have damaging secondary effects, as when a startled

person injures himself or when boom-broken glass injurcs him. What are the

e

prospects for recovery on account of such injuries under present law?

“ 1. Causation

The first and mos£ difficult problem for a plgintiff seékiﬁg ;oméensa£ion
for sonic boom damage will be that of proving that a particular boom.or series
of booms was the cause in fact of the damage of which he complains.2 Whether
he secks recovery undzr a policy of insurance; whether he rests his casc on negli-
gence, trespass, or strict liability as a theory of recovery; or whether he
secks to take advantage of a compensatory scheme established for the role
purpose of making compensation for sonric buom damage, an essential elcient of

his ciaim will be proof of a causal relation between a sonic boom or booms ard

the dawmage. If he is required to proceed under traditional tort theories, he

err
*
L]

. will also have to identify with particularity the airline whose flight generated

A

the boom or boons that did the demage.
Proof of a causal connection between booms and damage will be difficult

for two reasons. First, experts disagree about the amount and kind cf struc-

L X

o ST T (OO LSS ST Y TIPS

tural damage which can bevcaused by various amounts of ovezpressures.3 Whexre

2 the actual occurrence of the damage was observed by the property owner --
where a boom broke a window, for example -- the proof problem will resolve
iteelf principally into an issue of credibility. But where more pervasive
structural damage appears to the property owner to be the result not of one
boom but of the cumulated effect of many booms over a period of time, he will
encounter another difficulty. He will have to show by indirect evidence that,

f p of the variety of circumstances to which the structural default might plausibly -

: be attributuble, a serics of sonic booms and not some clher circumztance




e S

T

==

pr———

[ —
!

-

287

caused the default. Plaster can be cracked by slamming doors and settling
foundations, for example, and shingles can be loosened by wind and weather.
Iden£ification of the airplanes which caused the damage will be an insuper-
ab;e task unless the plaintiff has access to records of either the airlines
or the CAB: the SST is expected to cruise at altitudes of 70,000 feel, where
it cannot be seen at all by the naked eye of an obscrver on the ground; and
at lower levels of supersonic flight where the planc might be seen, it would
not be possisle to detect the airline insignia because of the speed of flight.
If a prospective plaintiff were claiming that damage had been caused by one boom
rathex than by a series of booms, and if he had been able to note the precise
time of the boom, airline or CAB records often would enable him to identify
the plane that most likely caused the boom. If two ox more.planes were in the
vicinity and each could have generated the offending overpressures, and if it
is clear that one did in fact cause the damage but the plaintiff is unable fo
determine which, the plaintiff could argue that he should be relieved of the
insuperable burden of proving which was the cause and that joint and sevaral -
liability may be imposed4 unless one of the defendants is able to prove that
he has not caused fhe haxm.5 But if a prospective plaintiff is claiﬁing that
damage has been causeé by the cumulative effect of booms over an extended period
of time, and even if he is able to identify the airlines whose planes were
probably responsible for the offensive series of booms, he will have great
difficulty establishing that any particular airline's booms were a "but for"
cause of the accumulated damage; and as the frequency of booms increased, the
chances of proving that any one boom was a "substantial factor" in causing
the cumulative damage become more remote. Plaintiff's only hope again will

lie in the qrgumenﬁ -~ more tenuous this time in terms of convantional legal

principles -~ that all the airlines should be held jointly and severslly

R T SPVERPNG
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liable for the damage since he knows that some oxr all of them caused it but

it is impossible for him to make specific identification.

The difficultics inherent in the causation problem are not susceptible of

casy solution. Indzed, if supersonic flights over populated areas become a
comwon occurrence, the difficulties will become more rather than less apparent.
Even a statutoxy scheame of compensation establishing ﬁtrict liability for sonic
boom damage would not eliminate the need to establish the causal relation.

And the problem is one vhich is of concern to both plaintiffs and defendants.
The good-faith plaintiff will face the difficulties noted above. And as
supersonic flights becomc wore fregquent and rccovery for boom-damage more
possible, the threat of bogus claims will become increasingly real. This
threat may be aggravated by the substantial possibility that the public's
reaction to sonic booms will be adverse and will express itself in claims

that stem more from heightened irxritation and annoyance -- not monetarily
compensable -~ than from physical damage for which the law provides payment

of compensation.

The causation problem will remain an intractsble one. Scientific data
about whether claimed damage could have been caused by a boom or booms will
becone more helpful as reliable data is accumulated. But the question that
will have to be answered in each and cvexy case is whether the damage was
igﬁfgg&_so causad. And, if the public reaction is as adverse as it appears
that it may be, juries may turn out to be rather biased triexrs of the fact
of causation.

That it will bo difficult for plaintiffs in sonic boom cases to prove

_causation should not be taken to.suggest that a burden of proving negative

causation should be placed cn the defendanis. But the plaintiff shouléd not

be faced, in addition, wiil the burden of identifying the particular plane oxr

e e et e e R ——
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planes which cause the damage. A fair and workable means oJ solving the identity
problem would be to establish a statutory entity that could be named as defendant
in sonic boom damage cases and would be liable for all boom darage. All SST

operators would be regnired to contribute to the entity in accordance with

-‘a formula which measures the risk of boom damage each creates. The formula

might, for example, require contributions in proportion to the number of SST

flights X total miles of flight X population under average flight carpet X &

total no. of flights

normal overpressure of plane type at cruising speed and altitude.

‘2. ' The Role of Insurance

Because a number of suits have already been brought under insurance
policies for claims of sonic boom damage, it seems appropriate to refer
briefly to the role of insurance in this context. We express no view on
whether any presently issued policy should be intexpreted to apply to such
damage. Present "all risk," "alrcraft damage," or "exolos:.on" clauses can
be read to call for compensation for sonic boom dam_age.7 The expectation
is warranted, however, that the insurance companies will soon either spec-
ificallj exclude coverage for sonic boom damage or séecifically include it
at an appropriately increased premium. If coverage is excluded, the propert§
owners remain. uncompensated. If it is included, the affected property
ownexs as a group will still pay for the damage since they will bear the
burden of increased premiums., No in;ernalization of SST cost to the SST
aetivity will be achieved. Thus, insurance‘fails to meet any of the objectives
of an adequate compensatory scheme. Insurance, of course, can satisfy the
purposes for which insurance is obtained: it spreads 1osses within a fairlf
homogeneous group of insureds. But insurance does not accomplish and should

not be expected to accomplish a shifting of costs between the class of insureds

and the class of SST users.
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3. Theories of Recovery

There are scveral theories of liability under present law that could be
resorted‘io with some hope of success to recover for sonic boom damage. We
will examine them, in turn, primarily with roference to the suitability of each
to achieve the Sasic objective of transfering efficiently to SST.activity the
costs of that achivity when those costs manifect themselves as substantial
losses falling initially on persons other than SST uscrs.

(a) Negligence

In general, liability for negligence is based on the breach of a duty of
the defendant to conform to a standard of conduct to protect others from un-
reasonible risks of harm.8 Because it has been established that sonic booms
can cause phvsical damage to property, one can argue persuasively that the
standard of care which a prudent aviator must exercise is a high one.9
Recovery based on the failure to observa even a high standard of care, however,
would require the plaintiff not only to identify the responsible plane but
also to trace the damaging effects of its boom to a particular negligent act,
such as flying at too great a speed at too low an altitude or descending too
rapidly at supersonic speed. The latter would be a very difficult task in
view of the fact that factors other than flight maneuvers have an effect
upcn the intensi@y of the boom perceived at ground level. 1In particular,
atmospheric variations can unpredictably but severely intensify the effect
of any boom.

The doctrine of res ipsa loquitur may come to wind as a means of cir-

cunventing the difficulty of identifying a particular negligent sct. This
doctrinc parmits an inference of negligence when (1) the event cuusing damage
is of a kind which ordinarily does not occur in the absecance of uegligence, (2)

the event was caused by an instrumentality within the exclusive control of
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the defendant, and (3) the damage was not due to a voluntary action on the ;

(T . . 10
t; part of the plaintiff. With regard to the establishment of the first {

reéuirement, the argument has been made that, since every pilot knows that

overpressures may cause damage and that improper flight procedures increase o

the.likeiihood of damaging overpressures, a pilot's failure to remain subsonic l

— .
-

1
%;! at low altitudes or during maneuvers is ordinarily negligence. The

5

argument makes sense as far as it goes, but it is not responsive either to

the fact that the plaintiff may not be able to identify such maneuvers or

-

to the fact that, because of atmospheric variations, damaging overpressures

w—d

may be produced by supersonic flight which complies in every way with pre-
scribed, prudent flight procedures. Because of these facts, a plaintiff

seeking appliéation of the res ipsa logquitur doctrine would have little hcpe

" Casehag
—— r——
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of meeting the raquirement calling for proof that the damage is of a kind
which ordinarily does not occur in the absence of negligence. Indeed, one

of the principal causes of concern over the sonic boom is that it

appears to be a phenomenon which cannot be prevented by the exercise of any i

¥ ' ‘

i degree of care. .

U - : |

*  Plaintiff might attempt to ground a negligence case on the assertion g

' [} not that any particulér flight was negligent or that negligent flight maneuvers i

_ [} were conducted in the course of a particular flight but that any supersonic !
flight which creates shock waves which reach the ground in inhabited areas

is negligent because it creates an unreascnable risk of harm to persons

. and property on the ground. But the.flights of the sST, if they occur at all,

_w
=
im =]

T

will be authorized by and conducted in accordance with extensive regulations -

promulgated by the FAA in pursuance of its statutory duty and authority. For

o 3 ey
bl T

a court to hol” supersonic flight unrcasonable per sc would require of it a

determination that the regulations were unreasonable,'and it seems fanciful

G
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to assume that a court would so hold.12 and although a plaintiff might argue
that supersonic flight above populated areas is unreasoqable, even when con-
ducted in‘accordance with the strictest possible flight regulations, it is
quite unlikely that a court could be persuaded to mmke:such a finding, since
it wovld ~mount to a judicial redetermination of an important issue of national

13
policy, namely whether supersonic flight over land is appropriate.

If we assume, however, that negligence is an apprupriate theory of lia-
bility for sonic boon damages, we must then ask the question, with particular
regard to the secondary effects of sonic boom such as personal injuries which
may result from startle effects, whether the doctrine of "proximate cause"
might be introduced by the defendant as a means of escaping liability for
what He might term "unforcsccable consequences." There will be no attempt
here to untangle the intricacies of the proximate cause doctrine. It suffices
to note that the issue presented by. the term is one of policy.14 As a matter
of pclicy, it is desirable that liability be imposed for the damaging secondary
effects of sonic booms. While few would be able to predict the precise
injur§ that might flow from any given startle reaction to a sonic boom, it
does secem clear that supersonic flight creates a distinct and very real risk
that a boom will occur and that damaging secondary effects will follow. whether
the plaintiff falls from a ladder while washing windows oxr cuts ¢ff his ear while
shaving, his startle reaction cannot be regarded as unpredictable. This issu2
of prozimate cause presently is regarded as a jury question:and probably will
continue to be so regarded. The problem thus becomes one of framing appro-
priate jury instructions.

(k) Trespass

Another thcory that is frequently mentioned as having potential utility

for sonic boom damage cases is trespass. Under modern trespass doctrine,
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however, this theory is totally useless in the present context. Strict
liability is no longer imposcd, as it once was, merely by reason of the fact
that a'physical invasion has occurred. The plaintiff must show that the in-
vasion was the result either of negligence, or of an activity of a type for
vhich strict iability is imposed, or of an "intentional® act.'> The limita-
tions of the mg.li.qonce theory have been pointed out above and the potential
utility of a strict liability theory will be discusged below.'® Thus, witn
the poesible exception of "intentional® trespass, the term trespass is xiothing
more than a label attached to other theories of recovery to indicate that a
phyoi.cal mvﬁim of some sort caused the harm.

~ %o recover for an intentional trespass, plaintiff will have to show that
the interference with his property was substantially certain t-;o follow from
defendant's voluntary act of supersonic flight;l’ proof that such flight

e If the damage to plaintiff's

crested u:qiy a risk of Lam will not suffice.
property was the result of an extraordinarily intense boom -- a "superboom" --
the dt!_eqil_ant will argue that, although it was virtually certain statistically

that a superboom would strike the ground somewhere along the flight path and

that such a boom would cause lm damage, ‘it was far from eertaih -- the chances

being about one in ono-thousand -- that the superboom would strike plaintiff's
property. On the other hand, if the plaintiff claims damage from an ordinary

.boom, ‘he may be. able to point to the substantial certainty that a boom with

_ _average strength would strike his property; but defendant would counter with

tho argument that such a boom would not be substantially certain to cause

. damage .

@

Some plaintiffs might prevail in trespass actions, but the theory itself

seems an inappropriate and cunbersome means of deding with sonic boam '_

. damage. One must conclude that recovery in trespass will stem more from the
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notion that the plaintiff ought to recover than from a consistent application
of the doctrine. It should be remeabered that the "invasion" cf the proﬁerty
and the interference with plaintiff's possession thereof will be accomplished
not by the airplane itself --.which will not have flown dixectly over
plaintiff's land nor below the 500 or 1000 foot minimum above which trespass
by aircraft cannot occur hecausc the airspace is in the public domain19 -
but by the shock waves it produced. To ten. these shock waves the kind of
"invasion" against which the trespass action is appropriate to protect seems
a questionable distortion of language. There is precedent for such a holding

however, in cases finding trespassory liability for the concussion effects of
blasting.20
.{c) - Nuisance

Liability grounded on nuisance arises from a substantial and un-
reasonable non-trespassory invasion -~ the result of an intentional, negligént,
or abnoxmally dangerous activity =~ of the plaintiff's interest in the pri;ate
use and enjoyment of his land.21 As a basis of liability for sonic ﬁoom damage
it would be particularly appealing to plaintiffs whose principal complaint
was the general and continuing annoyance and disruption of life's pattern
that resulted from continuous exposure to booms.

Courts refuse to find nuisance liability where they determine that the
utility of the defendant's conduct outweighs the gravity of the harm it
causes to the plaintiff.22 In purporting to make such a determination they
are influenced by the fact of legislative authorization of the defendant's
activity. According to the doctrine of legalized nuisance, they will not
enjoin a legislatively senctioned activity which would othexwise amount to

23 24
a nuisance and they are unlikely even tc award damages. Because

~granting relief in nuisance for sonic boom damages would require a court to

~i5
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hold that defendant's conduct -~ i.e., supersonic flight -~ was unrecasonable,

| '

U it would call into question th> appropriatcness of the policy judgriont pex-

i mi.ting the flights at all; a court would, understandably, be unwilling to make
such a finding.,

(d) Strict Liability

i
3
i
{
$

| The only basis of liability which scems fruitful as an avenus of rccovery {

- for sonic boom damzges is strict liability. In Tentative Drait No. 10 of the
Second Restatement of Torts, liability for damage to persons or property from
abnormally dangerous activities is recmgnized.z5 The following factors are i |
relevant in detcuvinining whether an activity is abnormally dangerous:

j (a) whether the activity involves a high degree of risk of some harm

i . to the person, land or chattels of others;
[ (b) whether the gravity of the hams which may result from it is likely

to »e great;

l (c) whether the risk cannot be¢ elimirated by the exercise of reasonable
15 :
| care;
& ll (d)  whether the activity is not a matter of common usage; !
'f [ ) (e) whether the activity is inappropriate to the place where it is

carried on; and

(f) the value of the activity to the community.26

! t‘ It is'clcar that some of these factors arc more applicsble to SST operation
[j than are others. For example, it secms to be true that, even if the average

overpressure produced by a supersonic flight is within a generally non-damaging
£ [j range of about 1.5 psf, factors such as wind velocity, temperature, terrain

features, and humidity will cause one boom in a thousand to be twice as strong

e

2
l, as the mean strenath of booms in the flight track, J and the incremental effect
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of these uncontrollable and essertially unpredictable factors uwpon the

strength of the boom cannot be eliminated by the exercise of the utmost
care. Thus the risk of harm from svpersonic flight “cannot be eliminated
by the execrcisc of reascnable care." Certainly SST flights will involve

a high degree of risk of ;omc harm to others: there will be some harm on
every single flight over inhabited areas in view of the long stage 1ength§
to which the SST will be limited. Whether the gravity of the hawn that
results is likely to be great is less certain. Very serious injuvy as a
sccondary consequence from startle effects will surely occur occasionally;
we will not know the statistical probability until after the SST has been in
operation for some time. The supersonic overflight experiments of t+~ Air
Forcc cannot be characterized as having caused grave harm; but those flights

28
were limited in nunber and conducted with much smaller aircraft. Whether

the other Restatement factors are met is a highly subjective question,

In the Tentative Draft No. 10 of the Second Restaiement of Torts, a dis-

tinction was sought to be taken between liability for ground or other damage
from the flight of reqular aircraft and that from the flight of “"abnoxmally
dangerous" aircraft, and only flight of the latter was to result in strict

liability for damage.29 A comment to the proposed section recognized that

30

"ground damage from 'sonic booms' is a matter of stxict liability." The

Institute rejected the proposed section, however, in favor of one which

imposes strict liability for any "

on the ground, . . . caused by the ascent, descent, or flight of any air-
31

craft . .

The argument has been made that strict liability for sonic boom damage

can be based upon the fact that it is analogous to blasting, for the damaging

. + « hamm to land, or to persons or chattels

.t
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consequences of which mbst courts impose strict liability, holding it to i
be an abnormally dangerous actjvity when conducted in a populated area.32 It ’
is to thosc blasting cases involving concussion and vibratiouan rather than thosc
involving flying debris to which analogy is most apt. Most states apply absolute
liability to both types of blasting cases, but a fading minorily of four or five
require minimal proof of negligence in the concussion-vibration cascs.33
One must conclude that present law is unclear on ;hether strict liability
will be imposed by the court for sonic boom damage. It is our conclusion that
absolute liability is the best suited of presently recognized theories of recovery
to accomplish the basic objectives that we have identified. 1Insofar as negli-
gence, nuisance, and trespass actions require even minimal proof of “"fault," they
will permit some cases of scrious damage actually caused by sonic booms to 'go
unnoticed and uncompensated by the industry. Use of the fault concept is
appropriate and compatible with the basic objectives of efficient use of resources
and of fairness in adjusting involuntary income transfers to the extent, but
only #o the extent, that the law entertains a purpose to induce both of the
reciprocally destructive forms of activity to take affirmative action to minimize
losses. For example, if the aggregate cost of sonic boom damage could be les-
sened by the inexpensive installation of "sonic boom lightning rods" on all
buildings, then the law should not remove all incentive for landowners to take
that precaution. Fault concepts thus serve, in a crude way, the same basic

function as the "pre-existing" - "subsequent" classification of properily

investments that was advocated in Part I of this report: by means of a highly
Jjudgmental jury process, the concept places some losses on each side and hence
preserves some incentives for avoidance on each side. But we are unable to see
any useful function to be served by requiring fault to be shown on the pavt of

the SST operator. Damage on a substantial scale, and annoyance on a vast scale,
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will flow from the decision, if it is made, to permit SST overflight of

inhabited arcas cven if every flight is made with the utmost care. Even

vhen there.is carelessness involved, the plaintif{{ w.1l gencrally be unable
N

to prove it. The net conscquence of application of the fault concept will

be to leave on those damaged by hooms the vast preponderance of the sonic

boom costs of the SST activity. And no avoidance methods that might be adopted

by prospective plaintiffs arc rcadily apparent. To lecave the costs on them
rather than onISST users tekes incentive to minimize costs fror those who a
in the better position to minimize and crcates incentives where there is 1i
that can be done to minimize. It results, moreover, in an income transfer
the form of reduced ST air fares to SST users, who will be well above the
national) wcan in tevms of affluence, from the population at large, whe are
prospective plaintiffs.

Althougii there are not, at the present time, any apparent cost—mini—J
mizing steps that could be taken by persons. exposed to sonic bocms, one
might think it desirable to anticipate the possibility that experiance
and resulting technological developacent may reveal the possibility of such
steps. That anticipation could be achicved by reintroducing a fault con-
cept as a defense to actions for sonic boom damage. The SST activity
would be permitted to avoid ahsolute liability for damage caused by bocms
upon a showing that the plaintiff had acted unxeasonably i failing to
take generally known precautionary measures that would have reduced sig-
nificantly the risk that the darage would result. Although we cannot
imagine any appropriate applications of this defense at the present time,
provision for the defense would allow the fault concept to play, at some

time in the fulure, the only useful role it has.
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C. Administrative Action.

It scems appropriate to emphasize at this point that a very large
portion of the recal social costs of supcrsonic air traaport will be left
on those exposcd to sonic boong cven if a body of law is adopted that
. 0 .
facilitates recovery for substantial boom darage whenever it occurs.

For the major part of sonic boom costs will not take the form of disg-

crete instances of substantial damage. Much of the cost will be in the
—

form of millions of instances of trivial damage and hundreds of millions

‘'of instances of extreme annoyance. However favorable the law ‘nay be to

recovery, it is expensive to bring law suits. Unless the damage sulfexed,

discounted by the probabilities of obtaining a judgment, exceed the expense,

of litigation, suit will not be brought. All the cracked $5.00 window _

panes, all the dinner dishes dropped on kitchen flcors as a conseguenco

-

of startle reactions, all the millions of hours of sleep lost while con-

forting frightened children, the razor-nicked chins, the interrupted |

concerts, the hammexed thumbs, the crest-fallcen cakes and omelets -- all
<
these will produce not litigation but at most a silent curse at the industry,

L

at the FAR or at a society that seems to many to have confused tech-

nology with civilization. But all these are vexy real costs of supersonic

flight, and failure to internalize them to that activit§ will mean that
too many of society's scarce resources are being devoted to that activity --
more than would be so devoted in a perfectly structured society where 2ll

pains and pleasures could he tallied costlessly. There can be no genuine

concern that too many costs are being imposed on the SST by liability law.

On the contrary, liability law may rectify most of the serious instances

of inequity; but supplenentary administrative action of a rigorous kind will
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still be necessary to prevent uneconomically large devotion of resourc:s to

the £87. Basically this action may take either or both of two forms: (1)
Imposition.on the industry, through sone system of taxation ox assessment,
costs in an amount corresponding to the estimated amount of social cost
created by sonic boom but not intexnalized to the industry by liability law.
(2) Dircciives to the industry that specific physical steps be taken to
lessen boom exposure.

Early in this chapter we gave an exanple of the first type of measure:
an excise tax scaled to the population exposed to booms by any particular SST
flight and to the intensity of those booms. One general observation should he
made abovt such cost imposition measures. They have a dual function: first,
to create industry incentives to minimize boom costs by any technological wmea-
sures useful to that =nd; second, to make SST transport more expensive to its
ultinate consumers and thus reduce the guantity 3% such transport that they
will demand. If the measure is to achieve these objectives, it must have certain
characteristics. The costs must be levied in such a way that any individual
airline can avoid them by conduct of the type the measure is intended to irnduce.
For example, the X Airline Company should be able to reduce its tax obligatioa
if it shifits a flight path from onc over a populated coastal region to one over
the adjoining ocean, or if it shifts from supersonic to subsonic aircraft between
a particulas citg pair. Hence a tax on gross revenues of, or on all fuel con-
sumed by, airlines that operated both subsonic and supersonic craft would be
wholly inappropriate. BAnd a flat charge per SST flighl would be less desirable
then a tax such 23 we have suggested, since a flat charge would fail to take into
account population exposure and boom intensity. . .

Finally the measurce should be devised to assure that the costs imposed,

insofar as they cannol be avoided by preventive measures, are passced on through

L
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alrcraft mast be meintained. In terms of our presenl national t{raasporiation
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higher fares to customers who choose SST flights in preference to subsiduic
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flights, Effective intermodal coupetition between SST's and subscnic ;7

IR

olicy, an "inherent adventage" of subsonic planes is that they do not cause
Y

booms. It is vital to sovad air transport policy that this inherent cost ad-

vantage be preserved and passed on to subsonic cuctomers. Under no circumstances

should the Civil Aeronautics Board be permitted to yield to the treugtation to

increase or fail to rcduce subsonic fares, and to hold 88T farvs ¢l a low level,
G

in order to improve the relative altractiveness of SST flight. It is quite

probable that the Board will be subjected to pressure to take this stev, both

by airlires that have sunk investments in SST pregrams and by government officials

[ — p—

who arc seeking to assure that government investment in SS% devclomment is repaig

—

and to minimize the risk that governmental encouragement of the SST pyogram will

be publicly exposed as an error of monstrous dimensions. Swbsonic aii transport

should never be required to subsidize the xeal social costs of the SST. ‘Toler-

ation of such a fare structure would directly uvndermine the cost imposition
measures we have been discussing.

We turn to the second basic type of administretive action: governmental
requirement that specific physical steps be teken. Refusal by the FAA to
cextify aircraft that generate normal overpressures in excess of specified
limits is the obvious example. Requirements that particular technological
advances be adopted, that particular routes be followed or that particular
maneuvers be avoided all fall under this heading. For convonience we will re-
fer to measures of this type as "certification."

It should be understood that cost imposition and certification are

—

_complementary foxrms of administrative actign.. If either were done with
L e ma

s ——

omniscience and perfect implementation, the other would be unnecessary. »And

Ol
b .
the results would be precisely the same in all respects whether the first was

i
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80 executed and the second abandoned or the second so executed and the

first abandoned. In practice neither can be so executed, and the hest
obtainable results probably can be achicved by doing impexfectly a little of
each.

Certification obviously will impose costs on the industry. If no cost
imposition measures wexc taken, optimuwr results would be obtained hv imposing
morc and more certification measures until the aggregate of costs they imposed
was just equal to the social costs of the SST that were hot being internalized
by liability law. If only half the costs left external by liability law are
imposed by certification, the remaining half should be imposed by cost imposi-
tion. Of course this nice thcoretical symmetry only applies if the certifi-
cation measurcs are prccisely the best ones. In an imperfect world, they will
not be; but the theoretical reclationship is, nevertheless, @ rough guide to
policy formation.

If we could be freed of all political constraints, our choice would be to
abandon certification completely and pursue a vigorous policy of cost imposi-
tion. The industry is the best source of information as to what physical steps
will yiéld the lcast amount of boom per dollar expended. High administrative
costs are involved in getting that information out of the industry and into
the FAA so that the FAA can then tell the industry what to do. Moreover, under
a certification policy the industry has no incentive to generate information,

so less will exist to be extracted. A vigorous cost imposition policy, one

”~

that imposed at least 100 percent of external cost and imposed it in propor-

tion to boom expcsure and intcnsity, would make il profitable for the industry

to generate information and take the right physical steps voluntarily.

But passing excise taxes lacks the political glawmour of asking brusquz
questions and thon giving brusque orders. We assume that a vigorous cost
imposition policy is not politically feasible and thet certification must be

resorted to at least in part.
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As to what certification measures should be adopted, we have n2 opinion.

D. Recommendations.

f Our recommendations regarding the sonic boom problem, in summary, are !

as follows: : |

;1 [ a) To eliminate impossible problems of identifying boom-producing air- ’
i [ g craft, and to eliminate difficult problems of service of process and venue
: i ' with respect to all of the airlines whose planes might have caused a parti-
| (L cular bo'om, federgl legislation should be passed creating an entity, hercafter .
i called a Statuto. 4, which may be served in any state and with respect
: l to vhich venue is proper at the residence of the plaintiff and wherever !
E [ ‘the damage occurred. The Statutory Fund should be subject to suit in state as
= well as in federal courts. _
! : b} The Statutory Fund should be strictly lisble for all damage proved to
ﬁ(. have been caused by any sonic boom. It should be a defense to any claim, that
L tile plaintiff unreasonably failed to take precautionary measures that would ha.ve
Rl ‘: avoided the damage. ;
H - ¢) Bvery SST operator shruld be required from time to time to contribute
; : fo the Fund in proportion to the number of persons it exposed to booms during
C the prior accounting period multiplied by the nommal overpressures of its booms, ;
8 The aggregate.'of contributions should be adequaté to keep the Fund solvent after 1
‘L paying all judgments, litigation expenses, and the levy described in paragraph (e). g
L The Fund should have no function other than to settle and litigate claims. :
| :- d) The Fund shall be required to pay litigation expenses of plaintiffs 3
E ~ _to the following extent:, Of the plaintiff's total expenses, the trial judge 3
s may disallow any that he finds to be. unreasonable. Of those that the trial judge g

allows, the FPund should pay a proportion equal t¢ the ratio between the damages

awarded and the damages alleged in the complaint.

R T - NI I~ TS
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e) The Department of Health, Education and Welfare should estim:te,

during cach calendar year, the extent to which costs were imposed on the

population of the United States during the prior year ip_gXcess of the dis-
'—__.———-—"

bursements of the Fund for damage and litigation expenses during that year.

The Fund should then pay into the United States Trecasury the amount of that

estimation. ——
 cmm——

£) The CAB shculd be directed by statute that, in setting SS¥ fares

and subzonic fares, it should preserve the inherent cost advantages of sub-

sonic flight.
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Part II ;

Footnotes - Chapter 1 ‘ I

Since the air is three-dimensional, the sound wave expands in
the form of a sphere rather than the circular form of the water

wvave.

The speed of travel of a shock wave is actually’slightly faster

than that of a sound wave.

This is true even for a shock produced by a plane travelling at

Mach 1.5 and 40,000 feet altit_:ude. Walker & Doak, Effects of Ground

Reflection on the Shapes of Sonic Bangs, 5° Congred International

g'hcoustigue (Belgium 1965).

However, the exact overpressure configuration for an explosion

.doel differ from that of a sonic boom.

. The shock wave strength depends most directly upon the lift rather

than the weight, but the lift is a function of the weight. See

Thompson & Parness, Sonic Boom and the SST, 39 Aircraft Eng ineering
:m =

14 (March 1967); Hvtchinson, Defining the Sonic Boom Problem, 1 -

Aeronautics & Aorosgaoe Engineering 55 (Dec. 1963).
” mes

At supersonic speeds the primary source of air agitation is the
airplane surface cutting through the air and not the hot gases
from the engines. At subsonic speeds, these hot gases are the

primary source of the noise with which we are all familiar.
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8.

9.

10.

11.

12.

13.

.the Location and Intensity of a Sonic Boom, 1

Friedman, et al., Effects of Atmosphere and Alrcraft Motion on

*Journal

A.I.A.A.

1327 (1963).

Latest drawings set the length at 290 feet and the weight at
575,000 pounds for the transcontinental and 675,000 pounds for

the transoceanic versions.

At 70,000 feet, the speed of sound is between 660 and 680 mph.

See Hohenhemser, The Supersonic Transport, 8 Scientist & Citizen 1

(April 1966); Albright, Physical Meteorology (New York 1941).

Hilton, Sonic Boom Measurement during Bomber Training Operations

- in the Chicago Area, NASA Technical Note D-3655 (Oct. 1966).

This combination is a result of the themmodynamic properties of
air. As the front wave creates a region of higher pressure, the
temperature in the region of higher pressure rises above the
temperature of the background air. Therefore,.the shock wave
traveling in the increased pressure region moves faster than the
front wave and catches up with it after « sufficient distance of

travel.

The region before combination is known as "nzar field" and the

region after combination is knows as "far field".

From comments of Maynard Pennell, Boeing Vice President and
director of the SST program, as reported in 86 Aviation Week

38 (Jan. 16, 1967).
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14.

15.

16.

17.
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19.

utilizing configuration is about 10%. See Thompson & Parnell,

TR Kol - TRAN AL A A

The increase in operating cost over the most efficient fuel
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supra note 5.

For the supersonic transport, this width is generally considered
to be two to three times the altitude of the plane (measured

from cut-off to the line of flight).

Pigure 13 was derived firom Kane, Some Effects of the Nonuniform

Atmosphere on the Propagation of Sonic Booms, in Symposium on

Sonic Boom, 39 Acoustical Soc. Amer. J. (1965).

' The conical form pertains only to shock waves produced by an

object moving at a constant speed through a uniform medium.

Above 35,000 feet to well above 70,000 feet the temperature remains

at an average of =70° F. See Albright, supra note 9.

The Velocity of a shock wave is closely‘ dependent upon the velocity
of sound. The velocity of sound, and hence a close approximation
of shock wave velocity, in a gas (suéh as the’ atméspher;a) can be
expressed by the following formulae.

Where Po is the ambient pressure, P is the pressure at shock
wave peak, andx is a constant for tbe gas equal tc the ratio

between the specific heats of the gas mixture ({ w CP/Cv)z

V shock ¥ v sotmd{ L L 3 p;fo)}

Y
But V sound \’ 'g' wheref equals density; and sincec is very

neafly proportional to P, the dependence on pressure is very slight.
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20.

21.

22.

23.

24.

25.

{
However, E"("-F) and therefore V sound % T - resulting in

the extreme temperature effect described in the text. See

Friedman, supra note 7.

In oxrder for the shock wave to be deflected from reaching the
ground for the SST, the plane must climb at an angle greater
than 40°, which could only be possible for a .small portion of
the flight, and which would probably not be within the capability

of the SST without a substantial extra cost in design and operation.

United States Standard Atmosphere (NASA, Air Force & Weather Bureau
=== = ==

=
b~

1962) .

See Friedman, A Description of a Computer Program for the Study of

Atmospheric Effects on Sonic Booms (NASA CR-157, 1965).

Pure acoustic theory when applied here may give substantially higher
overpressure values at the focus point than really exist. A shock
wave normally involves a strong disturbance of the air, and a ten-
dency toward equilibrium condition at the focus will prevent sharp

discontinuities along the wave front.

See Friedman, supra note 22. For a case in which the temperature
fell from standard temperature at 5,000 feet to 25°F. on the
ground (compared to about 50° for standard), the overpressure
was 15 per cent higher than if the standard.atmospheric condition
prevailed in the same air region. (This was computed for a shock

wave with 0.75 psf overpressure in standard conditions).

See Friefman, supra note 22.
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See Friedman, supra note 22; Kane, supra note 16; Dressler,

Sonic Boom Waves in Strong Winds, FFA Report 97 (Stockholm, 1964).

See Friedman, supra note 22.

Hilton, et al., Sonic Boom Measurements During Bamber Training

Operations in the Chicago Area. (NASA Technical Note D-3655, 1966).

This test involved level flight and the sensing devices were not
situated where they could detect the acceleration focus, so possible
maneuver magnifications could not have been included in the experi-

mental results.

See Lundbexrg, The Menace of the Sonic Boom to Society and Civil

Aviation, FFA Memo PE-19 (Stockholm, 1966). Hilton says that the
highest actual overpressure measured by the sensing devices in

Oklahoma City was 1.4 times the calculated overpressures.

See Maglieri, Some Effects of Airplane Operations and the Atmosphere

on Sonic Boom Signatures, in Symposium on Sonic Boom, 39 Acoustical

Soc. Amer. J. (1965).

See ibid.

A recent study has shown that if a plane accelerates around the
curved path, the acceleration and curvature may be made to balance
so that no focus is produced. However, practically speaking, such

a balancing effect is relevant only to fighter aircraft which make

strong accelerations and sharp turns. See Friedman, supra note 22.
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34,

35.

It is very difficult to determine experimentally the maximum

magnifications which can be expected from combinations of maneuver
and atmospheric effects, since the effects will be relatively

localized and can be predicted to fall only within a large area.

e e —

Therefore a huge grid of closely spaced measuring devices is
necessary to record adequately the possible combinations of magni-
fications. kFor e&?mple, an area five miles square with a device
every 200 feet square would require 16,000 devices). This is why
the theoretical approach has been emphasized here. Of course,

the use of theory is not the same thing as mere speculation, for

these theories are well founded upon many years of experience with

shock waves and adequately represent their behavior.

Even the scanty recordings from experiments conducted with Air
Force planes over Chicago, St. Louis, and Edwards Air Force Base
indicate that shock waves twice thé ordinary strength occur at
least 0.1% of the time. See Hilton, supra note 10. This means
that in one supersonic run.from Los Angeles to New Yérk, at least
100 square miles of territory will be affected by doubly strong
shock waves. These estimates may be conservative, since none of
the tests involved adverse maneuvers like those required from the
SST, relatively few runs were made (e.g. 22 in Chicago), and few

sensing devices were utilized.

‘See Warren, Experience in the United Kingdom on the Effects of Sonic

‘Bangs, in Symposium on Sonic Boom, 39 Acoustical Soc. Amer. J. (1965].

The figures showing reflections have been simplified for illustration

purposes. The shock waves do not actually break into separate pieces.

The principal reflection products are connected by a continuous band




£

T S e TV

I

37.

38,

40.

which has less strength than the principal portions shown. Aas

_the distance from the point of the reflection is increased, the

sf.xronger portions of the reflected wave tend to even out with the

less strong portions, forming a uniform wave of reduced strength.

Shock waves striking the ground at shallow angles near the grazing
angle are also reflected more efficiently and f.rcm more types of

surfaces than shock waves striking at larger angles. an addition
high in the air can strike passing aircraft, but none of the shock

waves are likely to affect an aircraft because of its sturdy design.

See Hubbard, Nature of the Sonic Boom Problem, in osium on
Sonic Boom, 39 Acoustical Soc. Amer. g (1965) .

FAA minimum standards have been set at 1.5 psf for cruise and 2.0
psf during climb. The British Concorde is projected to have
lower average overpressures because it is a smaller, lighter plane

and will travel at a lower speed than the American SST. See

Thompson & Parnell, supra note 2.

See Comments of Maynard Pennel, the Boeing SST director, supra

note 13.

The measurement of the overpressures was made at practically the
same location as the affected object, so the localized shock wave

was measured.

See Boom in a Ghost Town, Business Week, Dec. 12, 1964, p. 29;

Effects of Sonic Booms on Buildings, 4 Materials Research &

Standards 582 (1964).




An 2xample of the destructive force of a sonic boom produced

at low altitudes occurred in Ottawa, Canada when an F-104

fiéhter broke the sound barrier while flying some 500 feet

above the new Ottawa air terminal. All the windows on one

SRR

gside were smashed, and the roofing was ripped significantly.

Fortunately there were no serious injuries tn persons, since

See Effects of

the terminal had not yet opened for general use.
dards 582

Ssonic Booms on Buildings, 4 Materials Research & Stan

I

—

(1964) .

port, 8 Scientist & Citizen 1

Hohenemser, The Supersonic Trans

(Apr. 1966). For an interesting article concernihg fatigue in

A Review of Acoustical

aircraft structures, see Trapp & Forney,

Fatigue, ig_Fatigge--gg_Interdisciglinagx Approach (Syracuse u.

Press 1964).

von Gierke, Effects of Sonic Boom on People: Review and Outlook,

39 Acoustical Soc. Amer. J. (1965) .

ig_Symgosium on Sonic Boom,

A three-fold increase in frequency is the equivaleat of a two-fold

jincrease in pressure with regard to loudness. See Warren, supra
note 32.

One estimate places the average for present day fighters at 17 cps

and for the SST at 1.7 cps.

See Broadbent & Robinson, subjective Measurements of the Relative

Annoyance of simulated Sonic Bangs and Aircraft Noise, 1 J. Sound

& Vibration 162 (1964).

—
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See Kryter, Laboratory Tests of Physiological Psychological

Reactions to Sonic Booms, in Symposium on Sonic Boom, 39

Acoustical ioc. _IA:nei‘. %. (1965) ; Kryter, Psychological Reactions

to Alrcraft Noise, 151 Science 1346 (1966).

See Kryter & Pearson, Laboratory Tests of Subjective Reactions

to Sonic Booms, (NASA CR-187, 1965).

These include tests over St. Louis in 1961-2 (53 flights in 4
months) , Cklahoma City in 1964 (1253 flights in 6 months), and

Chicago in 1965 (22 flights in 2 months).-

One complaint per 63,000 person-exposures was received in Oklahoma
City (a total of 12,500 complaints in 6 months). At this ratio,
each transcontinental SST flight would result in about 150 official

complaints.

See Nixon & Borsky, Effects of Sonic Boom on People: St. louis,

‘Missouri 1961-1962, in Symposium on Sonic Boom, 39 Acoustical

See SOn:I.é Booms of SST May Prove Unacceptable to 25% of People

Affected, 74 S.A.E. Journal 88 (June 1966).

-_— EEE ==—m—m—m .

If everyone affected by the test had a most favorable attitude,
the 8% would represent 48,000 people. Comparable figures for

persons with least favor&ble attitudes are 43% and 258,000.

See The Sonic Boom Comes Home , 2 Astronautics & Aeronautics 70
"_m fr————————————_%

(Sept. 1964).
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57.
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56.

See Stanford Research Institute, Report on Data Retrieval and
= = e —— ]

Analysis of USAF Sonic Boom Claims Files 84-85 (1967) (hereinafter

cited as SRI Report).

See SRI Report 84-87. The SRI Report indicates that, although

the number of claims for damage to animals is small relative to
the number of claims for damage to structures, tﬁe average amount
paid per claim for animal damage is significantly higher than
that paid per claim for structural damage: $775 for damage to
animals as opposed to $102 for damage to structures.

.-‘ .
This analysis uses the same method, but more conservative figures

as that used by Lundberg in The Menace of the Sonic Boom to Society

and Civil Aviation, FFA Memo PE-19 (Stockholm, 1966).
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Part II .

ij . Footnotes - Chapter 2
f :} 1. The flight paths most likely to produce sonic booms which will ’

. effect the Quincy area include those connecting the eastern metro- ' }
H M
E [j politan areas of Boston, New York, Philadelphia, and Washington,
g — D.C., with ;he western metropolitan areas of Denver, San Francisco,

|
e

and Los Angeles, in addition to the two paths connecting Los Angeles !

with Detroit. Typical figures used to compute the estimate include

.L —

the following number of daily flights in one direction: one flight 1

-

from Denver to Philadelphia, five flights frc. San Francigco to |

wWashington, D.C., and ten flights from Los Angeles to New York.

According to presently authorized routes, at least American Airlines, |

United Airlines, Continental Airlines and Trans World Airlines would

be users of these flight paths. ggggg, Transggrtation Manual
(Sept. 1965).

.

2. See Tabb v. United States, 10 Av. Cas. 17410 (D.Ga. 1965); Dabney

v. United States, 249 F. Supp. 599 (D.N.C. 1965); Brown v. United

States, 230 F. Supp. 774 (D. Mass. 1964).

b e st o
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3. See Comment, Sonic Booms - Ground Damage - Theories of Recovery, 32

& Com. 596, 597 (1966).

4. See Summers v. Tice, 33 Cal.2d4 80, 199 P.2d ) (1948), which enunciates

. the doctrine that plaintiff must not be denied recovery merely be-

cause he cannot identify which of two defendants actually caused the

L

damage. Each defendant was equally likely to have caused the damage ;
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6.

7.

10.

and one of them surely did; they were held jointly and severally

liable since neither could disprove his responsibility.

Sec Restatement (Second), Torts & 433 B (1965).

See the district judge's remarks about the plaintiffs in Coxsey

v. Hallaby, 231 F. Supp. 978, 980 (W.D. Okla. 1964).

See Varner, Legal Aspects of the Sonic Boom 23 éég; égg; 342,

246-50 (1962) ; Comment, 32 é gi__x;;.é & ‘_C%n;. 596, 598-601 (1966) .
Absent specific exclusionary language, recovery under an "all risk"
policy would surely be available. And one court has granted recovery
under an aircraft damage clause in spite of the fact that th; policy
stipulated that "loss by aircraft shall include direct loss by . . .
objects falling therefrom." Alexander v. Fireman's 1Ins. Co.,

317 S.W.2d 752 (Tex. Civ. App. 1959). The two cases in which
recovexy for sonic boom damage undér an explosion clause has been
considered have denied the possibility of recovery. 1Id.; Bear Bros.,
Inc. v. Fidelity & Guar. Ins. Undexwriters, 6 Av. Cas. 17497 (Ala.
Cir. Ct. 1§59). There is general agreement among the experts

that a sonic boom is a pressure or shock wave accompanied by a noise.
Thus it would appear that a jury could conclude that a sonic boom

comes within the definition of “explosion" when that word is given

its plain meaning according to the common experience of ordinary men.

‘Prosser, Torts 146 (1964 ed.).

& Com. at 601.
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Comment, 32 ;‘l Air

E.

Prosser, Torts 218 (1964 ed.).
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12.

13.

4.

15.

| 16.

( 17.

18,

19.

21.

= 22.

Comment, 32 J. Air L. & Com. at 602.
= ‘me=te s

Cf. Bé&ce Motor Lines, Inc. v. United States, 342 U.S. 337 (1952).

But see Neher v. United States, No. 3-64-Civil 149 (D. Minn. Jan. 13,

1967) (memorandum decision). The court held the United States
negligent in designating and using a military supersonic flight

corridor over the heavily populated Minneapolis-St. Paul area.

See generally Prosser, Torts 282-330 (1964 ed;).

Restatement (Second), Torts B 158 (1965)°

e

See text accompanying notes 25-33, infra.

A trespass to chattels or a conversion action as a means of recovering

- for damage to particular iteﬁs would also require that plaintiff

prove that the alleged harm was a substantially certain result of

. supexrsonic flight.

Prosser, Torts 32 (1964 ed.); Restatement (Second), Torts § 8a

e
-— r— ——

(1865) .

. 88 1301(24), 1304 (1964).

. See, e.g., Adams & Sullivan v. Sengel, 177 Ky. 535, 197 S.W. 974

(1917) .

Restatement, Torts 8 822 (1938).

1bid. B 826.

S A S B i s i

e 8 e 1 e o o o A i S i e




e —

.. 23.

25.
26.

27.
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29.

30.

3l.

T
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See Loma Portal Civic Club v. American Airl., Inc., 61 Cal.2d

582, 394 P.2d 548 (1964).

With regard to the comparable situation of noise at public airports,

only one recent case specifically acknowledges the existence of a
[ ]

nuisance cause of action against a municipal airport operator.
Chronister v. City of Atlanta, 99 Ga. App. 447,.108 S.E.2d 731
(1959) .

Restatement (Second), Torts 8 519 (Tent. Draft No. 10, 1964).

1d. at § 520.

Comment, 32 J. Air L. & Com. at 603.

-
-

See SRI Report 11, which indicates that the weighed average of

paid claims was only $72 in the controlled programs of flight over

Chicago, Pittsburgh, Milwaukee, St. Louis, and Oklahoma City.

Restatement (Second), Torts & 520A (Tent. Draft No. 10, 1964).

e —————  G———————
a—— - o .

Restatement v(Second) , Torts g 520A, Comment 4 ai 76 (Tent. Draft
k —m — —3

No. 10, 1964).

Restatement (Second), Torts § 520A (Tent. Draft No. 12, 1966). 1In

1922, the Comrissioners on Uniform State Laws promvlgated a Uniform
State Law of Aeronautics, section 4 and 5 of which imposed strict

liability for ground damage upon both the owner &nd the operator of

the aircraft. Note, Federal Liability for Sonic Boom Damage, 31 So.

Cal. L. Rev. 259, 269 (1958). The Act was not well received by the
== = ==
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. state legislatures, and the Commissioners withdrew it: tney have
(]
i not submitted a revision. Decisional law, uowever, has been to
[ the effect that the airplane is not an inherently dangerous in-
] 3

strument when operated by a competent pilot exercising reasonable

+

care. See, e.g., Johnson v. Central Aviation Corp., 103 Cal. App.

24 1022, 229 p.2d 114 (1951).

o —
- 4

32, See, e.g., Adams & Sullivan v. Sengel, 177 Ky. 535, 197 S.W. 974

(1917) .

33. See generally Comment, Burden of Proving Negligence in Non-Trespass

Blasting Cases Lightened, 30 Fcirdham L. Rev. 544 (1962).
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